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Preface

Dear Reader,

The Book of Abstracts of the 9" Congress of Croatian Society of Mechanics is a printed
overview of 96 contributions to the series of international congresses organized by the
Croatian Society of Mechanics. The congresses are organized every 3 years with the
goal to present highlights in the field of Mechanics. The complete version of the papers
is available as an e-document within the Proceedings of the 9™ Congress of Croatian
Society of Mechanics ISSN 2623-6133.

The main goal of the Congress is to bring together researchers from leading
international and regional institutions in the field of Mechanics including Biomechanics,
Computational mechanics, Mechanics of materials, Fluid dynamics, Dynamics and
vibrations, Experimental mechanics, Fatigue and impact mechanics, Wind engineering,
Civil engineering, Mechanical engineering etc. As an event within the conference, the
minisymposium “Mathematical and Mechanical Aspects of Modern Discretization
Methods” chaired by Prof. Dr.-Ing. habil. Jorg Schréder and Prof. Dr.-Ing habil. Dr. h.c.
mult. Dr.-Ing. E.h. Peter Wriggers is taking place. The mini symposium’s contributions
are contained within this Book of Abstracts.

| would like to use this opportunity to thank prof. Mirela Gali¢ as well as prof. Pavao
Marovi¢ for taking on the task of organizing and preparing this Book of Abstract.
Furthermore | would like to thank the Faculty of Mechanical Engineering and Naval
Architecture, University of Split for financially supporting the production of this Book of
Abstracts and congress proceedings.

| would like to welcome you to the town of Split, wishing you all a successful
conference and lots of memorable moments in this Mediterranean gem. Thank you for
participating at the most important event of the Croatian Society of Mechanics and
making it what it is.

With regards,

Lovre Krstulovi¢-Opara

President of the
Croatian Society of Mechanics
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Abstract

The design against rapidly applied excitation ofictures such as those arising from
explosions or collisions represents often one ef mhost critical aspects of all new
engineering projects. Currently, all final desigme assessed using elaborate numerical
simulations, but the ability to meet the designuregments, in which both the global
structural response and detailed stress analysigé¢spects all material characteristics
and manufacturing processes are addressed, stillime a challenge due to massive
computational requirements even for geometricallyyvsmall products. The research
into concurrent multi scale modelling which is chlgsof simulating the response of the
structure at large (global) level simultaneouslythwiaccurately representing the
behaviour of materials (ingredients) at the smaltetevant (local) level [1] is the
backbone of the adopted integrated experimentalefiiod approach presented in this
paper. In particular, initial results of stress waropagation phenomena are presented,
by focusing on the impulsive excitation and emptiagi the issues related to the
communication between the length scales duringéimeurrent simulations, in order to
demonstrate the ability of the algorithms to mamthe energy balance throughout the
calculations. A new three-dimensional multi-scalda@tive method for explicit
formulation is introduced, that allows a computatilty efficient simulation of dynamic
problems [2, 3]. The introduction of the differesgatial and temporal scales only on
as/where needed basis, removes the limitation afettapproaches which rely upon a-
priori knowledge of the “hot-spots”, hence simuigtide-facto the whole domain at the
lowest scale of interest. The results of simulaicghow that considerably larger
problems could be solved more efficiently by theedleped dynamic adaptive recursive
concurrent multi scale modelling approach, whilargmteeing that both the global and
local responses are at least as accurate as ‘fonges- approach would show, if such
computing power was available.
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Abstract

The Method of Multiscale Virtual Power [1-4] progakby the authors is discussed. The
methodology relies fundamentally on the concepts(ipfkinematical averaging; (ii)
kinematical insertion; (iii) mathematical dualitgnd (iv) the Principle of Multiscale
Virtual Power — a variational statement of an esiem of the well-known Hill-Mandel
Principle. The methodology has proven to be exthgmseful in multiscale modelling
based on the concept of RVE in a wide range olBdans of interest. It provides a
robust framework whereby multiscale models can beehlbped in a rigorous and
systematic manner that minimizes the likelihoodirfonsistencies in the resulting
theories. Its use in the context of continuum-aamim and discrete-continuum systems
is explored and a number of new applications aesented, including the modelling of
nanoscale fibrous materials, atomic lattices antkna failure.
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Abstract

Consistent thermodynamics framework is presentagalide of coupling elastic, thermal
and electric fields. The complete set of governegmuations is obtained from the
conservation principles for electric charge, enengg momentum. The second principle of
thermodynamics is taken into account to introdee itreversible phenomena, such as
plastic dissipation or Joule’s heating. The comsie relations are derived from the
Helmholtz free-energy potential for each correspundual variable in terms of the defined
set of state variables. The first solution procedarentirely based on the finite element
method and time-stepping schemes. The fast comazgaroperties of the finite element
computations with the proposed coupled elastigity jplasticity models are ensured [1, 2].
The implementation is carried out in a researclsigerof the computer code FEAP [3].
Several numerical simulations are presented inrdalélustrate the proposed model and
formulation capabilities for providing an enhandedmulation of an important practical
application in terms of Peltier cells. The seconidtion procedure is also examined with an
alternative coupling, where we bring into seamlesspling two existing codes: solid
mechanics FEAP [3] and electromagnetics GetDRMAIh requires the mortar elements in
order to ensure the seamless communication betdiéferent fields [5]. The challenge to
ensure the unconditional stability for the operaspiit computations, is achieved by
following in the footsteps of our works coupling&E with Open-Foam code for fluids [6].
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Abstract

An open frontier in mechanical science is the &ffit and accurate description of
heterogeneous material behavior that strongly dégpen complex microstructure. This
lecture introduces our latest efforts to expang thbntier: Mechanistic Data-science
Self-consistent Clustering Analysis (SCA) for matkrsystems modelling and its
concurrent homogenization. SCA concurrent homogeioia was developed to avoid
the limitations of phenomenological models by disegenerating material laws on-the-
fly, using an efficient two-stage solution to cortgomicroscale material response from
a statistically Representative Volume Element (RVB)e first stage, known as the
offline or training stage, uses data science tlesosiich as k-means clustering and self-
organizing maps to “compress” the RVE. The secontine or correction, stage solves
the Lippmann-Schwinger equation to predict the oasp of each compressed RVE
(CRVE) to applied load using any constitutive nelaship desired within the CRVE,
thus effectively predicting the material law proddcby the overall response of the
CRVE. The CRVE may then be considered a materialtpo the larger concurrent
simulation. The SCA theory integrates multiscalechamics of materials and data
science theories to efficiently generate materabsl with a drastic reduction of
computational cost and resources compared to mettied use the RVE directly. A
number of prediction comparisons of nonlinear barasf metal alloys and polymer
matrix composites, using different constitutive $awithin the CRVESs during the online
stage with direct numerical simulation, have shawat SCA can achieve accurate
solutions at an incredible reduction of computaloaxpense. Applications of data
science methods and SCA to Additive Manufacturiiigalso be discussed.
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Abstract

In this paper the state of the art aspects of thealled virtual experimentation approach
to solving complex problems in science and engingare considered. These include a
novel approach to: (a) tensorial calculus; (b) titutsse equations for both fluids and
solids; (c) integral and differential formulatiomsconjunction with associated methods
of finite volumes and finite element; (d) integhteagrangian-Eulerian solvers for
hybrid problems; (e) transition from continuum tdsabntinuum and apriori
discontinuum assumptions; (f) applications in sciemnd engineering ranging from
traditional civil and mechanical engineering todzi@nce and medical engineering.
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Abstract

The necessity to provide physically reasonable rmathematically sound descriptions
of mechanical behaviour at different scales is euthdiscussion. Nevertheless, for
engineering design quick estimations of importamrdities such as stresses and strain
are needed. At a larger scale, information aboat dlierall behaviour of complex
systems has to be supplied. For this reason, we teegevelop computational methods
which on the one hand enable a detailed matersdrigiion, on the other hand allow
the bridging to coarser scales without losing toocm information. In the present
contribution, various methods concerning applicaioin production technology
(process signature) and medical technology (tiesiggneered heart valves) are
discussed. The scale bridging is achieved by coggdinite element modeling on the
macro scale with (1) fast Fourier transforms disza¢ion using the phase field method
(see e.g. [1,2]) or (2) proper orthogonal decontmosisee e.g. [3]) on the micro scale.
Another possibility is standard up-scaling usindfedently detailed finite element
models [4].
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Abstract

Multiferroic materials combine two or more ferrabaracteristics and can exhibit a
magneto-electric (ME) coupling. This ME couplingncéind applications in sensor
technology or in data storage devices, [1]. Most $itigjle-phase materials show such a
coupling far below room temperature. Therefore, thanufacturing of two-phase
composites, consisting of a ferroelectric matrixthwimagnetostrictive inclusions,
becomes important. Due to the interaction of bathstituents the composite generates a
strain-induced ME coupling at room temperature,clvhg not present in the individual
phases. We distinguish between the direct and csevelE effect. The direct effect
characterizes magnetically induced polarizationenehs the converse effect denotes an
electrically induced change in magnetization. THe dédupling significantly depends on
the microscopic morphology and the ferroic progsrof the individual constituents. In
order to take both aspects into account, a finément (FE2) homogenization approach
is performed, which combines via a scale bridgimg macro- and microscopic level,
[2, 3]. Thereby, the ferroic properties of the msasre described by suitable material
models. The typical ferroic hysteresis curves aoglefed by considering the switching
behavior, depending on an energy based switchiitgrion, of the spontaneous
polarizations of barium titanate unit cells [4], @vbas the magnetic hysteresis loops are
described by a suitable Preisach operator [S]Hembagnetization.
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Abstract

Size effects in metal plasticity are currently Hubject of a significant research interest.
As a prominent example, the size-dependent behawoindentation testing, i.e. the
indentation size effect (ISE), is observed expenitaéy and also modelled theoretically
[1, 2]. However, thepredictivemodelling of the ISE still constitutes a challengeen if

a great variety of gradient plasticity and gradienyistal plasticity models exists in the
literature. Our recent minimal gradient-enhancenaérrystal-plasticity [3, 4] is a step
towards predictive modelling of the ISE. In contrasthe frequently used concept of
the split of the total dislocation density into tlensities of statistically stored
dislocations (SSDs) and geometrically necessaryoaiiions (GNDs), the model
employs such split applied in an incremental formlyo This apparently minor
difference has a significant influence on the stiee of the model. In particular, the
internal length scale, which is derived in a closemn, is closely related to the mean
free path of dislocations, and the resulting gnaidehanced hardening law is free of
any fitting parameters. Three-dimensional simuleiof spherical indentation into a Cu
single crystal have been performed using the figiéenent method, and the predicted
ISE shows a good agreement with the experimentA4tletailed calibration of the
model for a Ni single crystal has also been peréatnfollowed by two-dimensional
simulations of wedge indentation and of the relag#l [5].
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Abstract

Virtual elements (VEM) were developed during thst ldecade and applied to various
problems in elasticity. Due to the fact that theneént shape of virtual elements can be
arbitrary including even non convex shapes thesmamts are more flexible when the
geometry of the element is considered. The sucufegEM discretizations in the linear
range using different polynomial orders leads diyeto the question whether these
elements can also be applied successfully to nesligituations.

Figure 1. Deformed state Figure 2. Mesh and crack propagation with VEM
and Cauchy stresseg

This contribution is concerned with a simple lovder virtual element formulation and
its extension to different nonlinear problems sasHinite elasticity, anisotropic elastic
materials, finite plasticity, phase field approachend contact mechanics. Several
possible formulations are discussed and comparednégns of examples; see e.g.
Figure 1 that shows the deformation state of Caok@mbrane for finite hyperelastic
material behaviour using an irregular shaped Varonesh. Figure 2 then shows the

crack propagation using a phase field approachdbasea VEM simulation with a
Voronoi mesh.

11






9th ICCSM

Minisymposia on

Mathematical and Mechanical Aspects of
Modern Discretization Methods
organized by

Jorg Schroder and Peter Wriggers






9" International Congress of Croatian Society of Metbs
18 - 22 September 2018
Split, Croatia

Viscous Dissipation Effect for Double Diffusive
Mixed Convection Flow past a Vertical Plate in a
Porous Medium Filled with Buongiorno Nanofluid

Annis AGHBARI *, Hamza ALl AGHA *, Djamel SADAOUI’

“University of Bejaia, Faculty of Technology, Labaiary of Mechanics,
Materials and Energetic, Bejaia, 06000, Algeria
E-mail: anisaghbari@hotmail.com

*University of Bejaia, Faculty of Technology, Depanent of Mechanical
Engineering, Bejaia, 06000, Algeria
E-mail: hamzamedea20011@gmail.com

Abstract

A numerical analysis was performed to study theat$f of combined double diffusive
and viscous dissipation under non-uniform wall ktany conditions over a semi-
infinite vertical plate embedded in a non-Darcyquar medium. Coupled heat and mass
transfer of mixed convective boundary layer withcaius nanofluid are considered. The
model used for the nanofluid includes the effects Brownian motion and
thermophoresis mechanisms, while the Darcy-Forchéemodel is used for the porous
medium. Double-diffusion is governed by the conagon of mass, momentum, energy
and concentration of species and nanoparticlestiegga by employing Oberbeck-
Boussinesq approximation and boundary layer forriaeofluid. Based on the model
developed by Nield and Kuznetsov [1], the local rtied equilibrium in the
homogeneous porous medium is also supposed. Therrdog partial differential
equations are transformed a non-dimensional forcntha resulting non-linear system
of partial differential equations are solved usitige efficient Keller-box implicit
numerical finite difference method. To validate temerical results, comparison is
made with those available and a good agreemenbtanged. In order to get a clear
insight on the physics of the problem, a parameticly is performed and the obtained
numerical results are displayed with the help ddpical illustrations, i.e. some
parameters are shown in appropriate figures. Hoveigng parameters of the problem
affect the local Nusselt numbeély,, the local regular Sherwood numb®h, and the
local nanoparticle Sherwood numl&r, are discussed.
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Abstract

Along the free edges of laminate composite strestudue to the layerwise
discontinuous stiffness properties of the pliesliaed theoretically infinite interlaminar
stresses may occur, possibly leading to an onsdelaimination and as a consequence
premature failure of the whole laminate. Due toghmgular character of the local stress
field and the absence of a pre-existing crackheeitlassical stress based failure criteria
nor fracture mechanical energy release rate basteda allow for realistic strength and
failure load predictions in the underlying situatid’he given problems, however, can
be overcome in the framework of finite fracture hmgics (FFM), anticipating an
instantaneous formation of a delamination crackfioite length and employing a
coupled stress and energy criterion, as proposeadgyillon [1]. Such an approach has
already proven successful for the analysis of lateinar cracking in angle-ply
laminates [2]. In the present work, interlaminanadr initiation at a free edge in
symmetric laminates is investigated in the framéwair FFM assuming a generalized
plane strain state. For the determination of tlygiired singular stress fields the scaled
boundary finite element method (SBFEM) is usedritteo to keep the numerical effort
as low as possible. The SBFEM, first introducedSmng and Wolf [3], reduces the
dimension of the problem by one by only discretizithe boundary of the given
laminate. The variation of the field quantitiesidiesthe laminate are represented in a
closed-form analytical manner. This method has begiemented and validated by
comparative finite element analyses. The methodstwut to predict the effective
laminate strength in good accordance with experiaietata from literature.
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Abstract

Isogeometric analysis (IGA) is a recently develofrachework for the discretization of
partial differential equations. The concept is lblasen smooth basis functions,
commonly employed in Computer Aided Design. Thigtipalar choice of basis
functions leads to an exact description of the gdogmin the analysis model. Beyond
the original motivation, isogeometric analysis dets a higher accuracy per degree of
freedom compared to conventionaf @nite element methods as well as several
additional advantages. However an efficient nuna¢iimplementation is still an issue
and one field of attention in current research @Al The isogeometric collocation
method is a promising alternative to standard ®aleapproaches, as it provides a
significant reduction of the computational cost fugh-order discretizations [1]. In
some preliminary work a pure displacement basege@metric collocation framework
has been applied to rate-independent elastoplgstigih isotropic hardening. Due to
the necessary linearization of the algorithmic &arigmodulus, instabilities occurred
occasionally. To circumvent these issues, we ptesenixed isogeometric collocation
method in this work. In the proposed approach, lstithss and displacement fields are
approximated as primary variables (see e.g. [2hfoanalogous Galerkin formulation).
The method is applied to two- and possibly threeetisional numerical examples of
elastoplasticity in combination with multi-patchrameterizations and the results are
compared to Galerkin reference solutions.
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Abstract

The application of the method of vertical linesbimundary-value problems for single
and multi-field problems considering elastic anel@stic material properties provides a
clear procedure: in a first step, the spatial @igzation is done (here, we use finite
elements), and, in the second step, the time digatien is applied on the resulting
system of equations [1]. This resulting system @eents linear or non-linear systems,
systems of ordinary differential equations, or syt of differential-algebraic equations
dependent on the physical problem under consideralihere are several advantages
for problems where ordinary-differential equati@re chosen to describe the evolution
of the physical problem over the time. Apart frolassical problems in elastoplasticity,
viscoelasticity, and viscoplasticity, this is thease for transient problems in
thermomechanics, electromagnetics, fluid-strucihoteraction, etc. Use can be made of
various high-order time integration schemes wittomnatic step-size selection, where
we draw on diagonally-implicit Runge-Kutta method®IRK), which have the
advantage to incorporate other methods such asB#wkward-Euler method or
trapezoidal rules as special cases. Even time-adapbntact problems and staggered
schemes in coupled field problems are embeddetianentire procedure. Using the
method of vertical lines offers a further advantagemely a clear concept of material
parameter identification using finite elements |8]this sense, a very consistent scheme
is provided. In this presentation a selection afbpems is discussed using DIRK-
methods, namely the combination of high-order spafp-FEM) and temporal
discretization (finite strain viscoelasticity), sk, thermo-mechanics with acceleration
techniques (thermo-viscoplasticity), see [4], andtact problems. A particular focus
lies also on problems implied by the method. Thepeeence of the last two decades
with DIRK-methods in comparison to other schemgwésented.
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Abstract

The main aspect of this contribution is an investm@n of mixed finite element
formulations for the framework of elastic matefig@haviour at finite strains. Therefore,
a mixed least-squares finite element formulatiodiggussed, where the displacements
and the stresses are used as unknown fields. Thstraotion of the least-squares
functional is based on thé-horm minimization of the residuals of a first-ordgystem

of differential equations, see e.g. [1]. In thegmeed formulation the residuals are given
by the balance of momentum, a constitutive equatiod additionally the balance of
moment of momentum. The introduction of an addaloresidual is based on the
approximation of the stress field with vector-valugaviart-Thomas functions (R},
see e.g. [2], which yields to a not a priori futfént of the stress symmetry condition. As
shown in [3], an additional control of the symmetgnstraint, by introducing a
skewsymmetric term, could lead to more reliableultes especially for low order
elements. Furthermore, the displacement field g@pimated with Lagrange functions.
Additionally, in order to validate and compare therformance and efficiency of the
proposed approach, results for standard displadeimenulations are presented.
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Abstract

Human bone tissue is a typical example of mateviath exhibits randomness in the
mechanical response due to an uncertain heterogenmagcro-structure. In order to
develop an appropriate probabilistic macro-scaltheraatical description, the essential
step is to address the material as well as posstbler sources of uncertainties (e.g.
excitation's, change in geometry etc.) in the mo@gl extending already existing
deterministic models derived from the Helmholtzfenergy, the goal of this talk is to
identify and quantify uncertainty in the systempasse. Due to essentially large
number of parameters describing the material motted, process of obtaining the
functional representation of the stochastic resporis often proven to be
computationally expensive. To relieve the compatal demand, in this talk will be
considered hybrid uncertainty quantification apptes that are based on the multi-
element and multi-level approximations coming frahe corresponding variational

formulations.
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Abstract

An efficient low ordervirtual element formulationthat account for isotropic brittle
failure response in two-dimensional case is outlingthin this work. Virtual elements
were introduced in the last decade and appliecatiws problems in solid mechanics
[1]. The modeling of crack formation can be achdve a convenient way by
continuumphase-fieldapproach to fracture, which are based on the aegation of
sharp crack discontinuities [2, 3]. In this worke wropose a rigorous variational-based
framework for the phase-field modeling of brittreadture in elastic solids. The key goal
here is the extension towards the recently developéual element formulation due to
the flexible choice of the number of element nodbgch can be changed easily during
the simulation process [4]. Thus, the potentialrgyés formulated in terms cfuitable
polynomial functions instead of computing the unknown shape functidos
complicated element geometries, e.g. arbitrary error concave polygonal elements.

The performance of the formulation is underlined rogans of some representative
examples.
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Abstract

Computational homogenization in the framework afité elements (FE2) is well
established but is known to be computationally detfiveg [1]. In this contribution, we
apply computational homogenization by means ofésaggetric analysis (IGA) and set
this method as IGA2. Despite more accuracy giveh@#, its efficient implementation
especially in the context of a two-scale boundaajue problem (BVP) is an issue.
Aiming to optimize the computational efficiency @A, isogeometric collocation has
been recently introduced [2, 3]. As the first stepsolve a two-scale BVP more
efficiently, we utilize isogeometric collocation tite global scale and IGA-Galerkin at
the local scale. In this approach the number of rosopic evaluation points is
dramatically reduced, thus a substantial gain ificiehcy is obtained over the
mentioned IGA2 and FE2 techniques. Moreover, eniptpisogeometric collocation in
the local BVP gives an additional gain in the seoseomputational efficiency, as a
result of decreased number of evaluation pointso#th scales. The different methods
and their combinations across the different scalesinvestigated and compared in
terms of efficiency and robustness.
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Abstract

Structural systems consisting of reinforced comrcrdRC) frames infilled with
unreinforced masonry (URM) walls is a common practin seismically active South
Europe [1]. During the seismic excitation, frames dynamically loaded both in out-of-
plane (OOP) and in-plane (IP) direction. It waswndrom late 60’s [2] that the infill
walls contribute greatly to overall seismic behavioHowever, due to lack of
understanding, many provisions such as Eurocod8] 8epard infill as a secondary
element. This paper is a part of OOP frame — imfileraction study with 3D micro
modelling approach. The micromodel was assemblsddban experimental specimens
and 2D — IP micromodels by [4]. The 3D micromodeduited in higher response after
reaching plasticity. Consequently, calibration Bf @odels was needed. Firstly, the bare
frame was calibrated, after which infilled frameatwand without opening was calibrated.
Various numerically depended parameters were cereidand showed, more or less,
impact on its behaviour. The direction of plastosvf showed the greatest influence on the
micromodel response as it regulates material voldaneng crushing [5]. Negative values
of plastic flow showed the best response due temiahtvolume decrease. Calibration
included comparison of force—displacement curvefaiare mechanisms.
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Abstract

Defects in material can be fully described if th&lape and position is determined. In
previous works [1, 2] we discussed several metlimdshape determination of material
defects revealed by means of infrared thermal intagPrevious research was focused
on composites and flood lamps as a heat sourcefoths is now on metals and Xenon
flash lamps. The main aim of this research is tomede the depth of detected damage.
The infrared camera is used for capturing tempegadevelopment on the surface of an
aluminium sample in time. Contrary to Lock-in thegnaphy where several
acquisitions are needed, in presented approactiehid of defect can be revealed from
single acquisition of cooling sequence. As showpravious work, thermal decay curve
of every pixel can be reconstructed as a convaiubiosinus functions by applying the
Fourier transform. The depth of damage can be astuias:

z=C 'Tj‘b [m] Q)

wherea is thermal diffusivity, § is blind frequency and constant C specifies malteri
characteristics. The method was applied to the iaium sample, a flat plate with flat
bottom milled holes of different depths represemtidefects. The determination
procedure for coefficient of thermal diffusivity d@rblind frequency is demonstrated.
Measured and estimated values were compared foy depth, including the deviation
analysis. Equipment limitations, denoising of thegmaphic signal and limitations of
method are discussed as well.
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Abstract

In present, there are many possibilities to collamge amount of data readings during
measurement of specific physical quantities onouarisystems. This large number of
readings is time-consuming for determining in whitdss some data could be assigned.
To reduce this classification time, system whichsslfies reading parameters using
estimation-maximization algorithm can be introducald afterwards using radial basis
functions, get measuring results. EM algorithm &edi on two generated bivariate
distributions to make classification, and RBF ipt#dation has been made to estimate
third dimension of data. Third dimension can repn¢svarious measurement results
including incomplete data readings, which can Istored using RBF interpolation due
RBF reconstruction property. Two sets of Gaussiatribution were used in this paper,
classified, and interpolated using radial basisfioms for the multivariate interpolation
with Euclidean L norm.
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Abstract

The paper deals with the thermoelasticity of naaolse It is known that at the smaller
scales (microscale, nanoscale) forces that artevaet at the macroscale should be
accounted for [1]. In particular, the stress inagnpis not dependent only on the strain
in the point in question, but rather the whole hbigurhood affects the stress state.
Traditionally, gradient based methods were empldyethese kinds of problems, but
with a limited success. As an alternative, theistiaased integral approach was
proposed, yet again with specific problems. Regemtlstress-based integral approach
was proposed [2]. The latter method does not stiftean mentioned problems as its
predecessors [3]. In the present paper, the fotionlas extended to thermoelastic
constitutive behaviour [4]. The performance of tbanulation is demonstrated on an
example.
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Abstract

Shape optimization usually implies some type oflymms as a background process for
defining optimization objectives and/or constrairits most of structural optimization
approaches, the finite element method (FEM) has kegployed for structural response
analysis [1]. This approach has one major drawbaajeometric modelling and
numerical analysis are based on different mathealatiescriptions, i.e. geometry is
defined using spline technology and FEM analysiseleon Lagrangian and Hermitian
polynomials only approximates given geometry. Teroeme this design-analysis gap,
T.J.R. Hughes and co-workers introduced the coneeogeometric analysis (IGA)
[2]. In IGA, spline basis used to describe geometry used as a basis functions in
numerical analysis as well, i.e. there is no geogynapproximation, and analysis is
performed on exact geometry. This method is eslheatiractive when comes to shape
optimization — the shape can be defined via radftismall number of control points
which arise as a natural choice for optimizatiosigie variables, i.e. there is no need for
additional parameterization between design vargabtel analysis model. In the present
work, shape optimization of plate with hole undenstant in-plane tension is carried-
out. Shape of the hole is defined with 4 contrahfs The optimization is conducted for
4, 6 and 8 degrees of freedom i.e. with 4, 6 amdgn variables - coordinates and
weights of control points defining hole, respediivd he goal is to find an optimal hole
shape which minimizes maximum stress, for a givetount of material (constant
volume) using genetic algorithms. For the sake ahpgarison, optimization is also
conducted using gradient method. When comparinglaée with circular hole, it is
shown that maximum stress can be significantly ceduseveral times) with different
shape, i.e. when optimization is performed.
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Abstract

Auxetic structures exhibit a negative Poisson’®orathen loaded. When compressed in
one direction they shrink perpendicular to the &gpload [1]. They have a high energy
absorption and high fracture resistance. That mdkem suitable for a number of
applications in defence and civil protection sestas body armour, shock absorbing
material and packaging material. Some well-knowd e#searched auxetic structures
are re-entrant hexagons, chiral structures andimgtanits. However, the new shapes of
auxetic structures are required to fulfil differeigisign goals for their intended use, such
as particular dynamic behavior, fatigue resistameanufacturability etc. The auxetic
structure behavior under external load can be densdl as the behavior of a compliant
mechanism that transfers an input force and dispt@nt to an output force and
displacement through elastic body deformation T2le compliant mechanism design is
governed by two opposing objective functions, nantke flexibility and stiffness. In
this study the topological optimization based om fihite element method was used to
determine the optimal shape of such a complianthen@sm. The optimization was
performed on a single representative unit cell,clwhs a building block of the auxetic
structure. The optimized representative unit celse then assembled into an auxetic
structure using different transformation functisaschieve desired design goal.

References

[1] N. Novak, M. Vesenjak, Z. Ren. Auxetic Cellular Maéls - A ReviewStrojniski Vestnik —
Journal of Mechanical Engineering2(9): 485-493, 2016.

[2] L.L. Howell. Compliant Mechanismgohn Wiley & Sons, New York, 2001.

30



9" International Congress of Croatian Society of Metbs
18 - 22 September 2018
Split, Croatia

A Porous Media Approach for Biologically
Inspired Scaffolds

Daniela BOSO

University of Padua, Department of Civil, Environmial and Architectural
Engineering, Via Marzolo 9, 1-35131, Italy
E-mail: daniela.boso@unipd.it

Abstract

Scientific advances in biomaterials, stem cellewgh and differentiation factors, and
biomimetic environments have created unique oppditis to fabricate tissues in the
laboratory from combinations of engineered extilatal matrices (scaffolds), cells, and
biologically active molecules. Within a scaffoldyreplex biological phenomena take
place: cell seeding, cell migration and prolifesaticell differentiation, consumption of
nutrients, to name a few. In this work, we comtarmaathematical model and laboratory
experiments to study the evolution of bone fornmatioa bio-inspired scaffold used for
spinal fusion. We investigate the influence of thteysiological parameters and the
mechanical stimulus on the differentiation of medgmal stem cells into trabecular
bone and, at a later stage, of trabecular bone wet cortical bone. The mathematical
model is based on porous media mechanics. We eaniid scaffold as composed by
two main constituents: a solid phase that is magedils and extracellular matrix
(ECM), and a liquid phase given by the interstitilid. The two phases include
different species. In particular, in the solid phage have the mesenchymal stem cells
(MSC), the trabecular bone (TB) and the corticalb¢CB). To investigate the effects
of the external loading on tissue differentiatithree different analyses are performed.
In the first one, no external loads are considai@@ssess the capacity of the model to
match in vivo results. In the second one, a pressulinearly increased over a time of
200 minutes, starting at 10000 minutes (about lkjvaed then is kept almost constant
until the end of the simulation. In the third cdlse scaffold is loaded at four weeks, to
study the effects of a delayed mechanical stimolushe phenomenon. We report the
cell differentiation curves for the three cases tiomed above, supplemented with the
evolution of quantities of interest, such as thieative stresses and interstitial fluid
pressures. We analyze the dependence of the bamdodment on the mechanical
environment, with a particular focus on the capgbdf hydrostatic effective pressure
to limit the velocity of tissue differentiation dag time.
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Abstract

The wire crimping process is solderless proced@irmaking an electrical connection
between wire strands and terminal. This procesg@dsly used in automotive industry.
In order to predict the final shape of a crimpedmnieaal and to reduce costs of
production, the numerical simulations are unavdelabhe modelling of such problems
using the finite element method is a challengind aamplicated task. The nonlinear
dynamic models include complex constitutive equetjaonlinear kinematics, friction
and large contact pressures, which lead to elemesatclosure and non-physical
behaviour of the model [1]. Copper and copper allavith large ductility and strength,
are typically used as terminal material. Due toahsatlling process of copper and its
alloys, severe anisotropy of mechanical propemi@y occur. There are only limited
experimental data available on the influence ofsatnopy and strain rate on the
mechanical behaviour of these materials. This papesents an experimental and
numerical study of anisotropic elasto-plastic béhavof two different copper materials
Cu-ETP and CuFe2P. Tensile and compression te€d8, &5° and 90° to the rolling
direction, and under different strain rates areiedrout to determine the Lankford
coefficients and hardening coefficients in eackeation. Loading process has been
acquired by infrared thermography and digital imagmrelation techniques [2].
Numerical simulations of the process are carriedbguusing ABAQUS Standard and
ABAQUS/Explicit. Computed results are compared veiperimental data.
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Abstract

Offshore wind turbines are commonly challenged fonsistent loads of wind, wave
and tidal current [1]. It is hence necessary toeftdly analyze the effects of
environmental loads on these structures to incréase lifetime. In this study, both
individual and coupled effects of wind, wave and searrent on integral loading of a
bottom-fixed monopole supported offshore wind tnebivere studied. The small-scale
laboratory experiments were carried out in the \Aiviave-Current (WWC) Tank at
Newcastle University, UK. This facility generallflawvs the simulation of wind, sea
current and waves with controllable amplitude amedjfiency. The small-scale model of
Siemens Sapiens FFA W3 offshore wind turbine wasntes in the test section center
via a six-component high-frequency force balancasuement system. The blade tip-
speed ratio was controlled through adjusting th&tianal speed of the rotor. The
dynamic integral loads were measured at differiprgppeed ratios and under a variety of
offshore conditions. The measured loads were pseckgsing spectral analysis method
and the resultant frequency characteristics wered u®r analyzing the dynamic
performance of the wind turbine. The results ingicthat the sea current and waves
have a significant influence on the integral loadsile the waves contribute more to the
dynamic response of the wind turbine.
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Abstract

Earthquakes have shown that buildings that ardaeguplan and elevation have more
favorable behavior than irregular buildings. Thisin part because torsional effects in
irregular buildings can amplify demands. But sosrogirregularity are not always the
result of structural design decisions, [1]. Masowglls are often used in reinforced
concrete buildings for architectural purposes, thatir presence and the locations of
openings in them can introduce stiffness irregtikithat affect structural response.
The aim of this paper is to show, through dynanachejuake-simulation tests, the
torsional response of a three-story reinforced macframe-masonry building. Two
series of tests were considered: in the first setiee structure had unreinforced clay
block masonry walls; in the second, the masonrysaalthe first and the second stories
were replaced by solid brick walls and verticalnfeiced confining elements were
added around openings, [2, 3]. In both seriesstheture was subjected to sequences of
ten ground motions of increasing intensity from50up to 1.2 g along a single axis. In
addition to in-plane drift, out-of-plane drift dte roof also was observed, suggesting
rotational response. Conclusions are given in trenfof torsional stiffness variation
with respect to ground motion intensity i.e. stanat damage increase.
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Abstract

The very beginnings of the N2 method started ia E880’s [1] and since then method
has been developing by many researchers e.g..[Th2]N2 method is a nonlinear static
method implemented in European norms [3] and itdesidered as a useful tool in
seismic design of buildings. The method is congiddo be simpler compared to other
complexed approaches proposed in the norms, erginear dynamic analysis, while
the results remain accurate and similar to othehaus. In this paper, the N2 method is
compared to experimental results of Blind Test (@mgle model conducted in Portugal
in 2012. Within the challenge, a 3D reinforced gete frame model was
experimentally tested using bi-directional shaliagie [4]. The structure has undergone
four different simulated earthquake motions, ddfdrin magnitude but similar in
frequency content. Records comprising displaceniiet history data were available to
the authors and used in the current research progra make the data analysis easier
the signals were filtered and smoothed. After rittg and smoothing brief study
regarding the fundamental period of oscillationssweanducted and the numerically,
experimentally and analytically obtained values @vmpared. Finally, the N2 method
was applied to the concrete 3D frame model. Udiiegniethod target displacement was
determined and compared to displacements recondibe itest.
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Abstract

Roofing is the most vulnerable part of a low risglding as it is often damaged in high
winds that produce high suctions or uplift forcestioe edges and corners [1]. This study
investigates the application of a smart mitigastnategy, in the form of an Aerodynamic
Mitigation and Power Production System (AMPS) (@ditStates Patent Application
Publication, Pub. No.: US 2015/0345472 Al). Thisaldunction system can
simultaneously reduce wind induced uplift on raafsl produce wind energy. The system
consists of horizontal axis wind turbines attached the roof edges. Different
configurations of this system were tested on ardflaf of a low rise building model at the
Florida International University’s Wall of Wind (WW@) -- an NSF designated Natural
Hazards Engineering Research Infrastructure (NHERPerimental Facility (EF) [2].
Significant reduction in mean and peak pressuréicisats were obtained when the wind
turbines were placed closer to the roof edge aspaoed to the bare roof deck (no
mitigation) case. Preliminary estimates show thatsystem can generate power of around
190-195 Waitt per linear meter starting at 225 rgmotational speed. The electricity
generated by AMPS fitted on the roof perimeter oh@derate size single family home,
can be stored in battery systems, which duringaeldolut-level storm could power various
equipment. It is to be noted that the 2017 huresam the U.S. caused severe power
outage and community disruption. AMPS would notyomtoduce power under strong
winds but also generate supplementary power ewan fine ubiquitous 5 to 7 mph winds
that occur day and night across most parts of tt& Dhis retrofitting technology is
multifunctional (or smart) as it can make indivilbaildings more self-sufficient while
also reducing risk of roof damage from major storms
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Abstract

The goal of this paper is to develop a numericall@hdor computation of annular flow

boiling in a vertical pipe under 70 bar pressuré 40 K inlet subcooling. The model is
based on two-fluid formulation in conjunction withn extended formulation of

Rensselaer Polytechnic Institute model for boifilogvs. Here, the successful modelling
of the annular flow boiling is achieved by use tstre correlations for interfacial

transfer proposed in [1]. This refers to constititielations for vapour-bubble diameter
and interfacial lift force, both being computed fesv regime dependent. A uniform

wall heat flux is applied at the pipe wall, whileetinlet mass fluxes were varied. The
model validation is done by comparison of vapoulur fraction at specific points

near the pipe outlet with the data extracted froeasurements conducted in [2]. The
obtained results agree well with the experimenghdthus indicating the reliability of

the developed model in computation of such mulehfow phenomena.
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Abstract

In order to improve vibrational isolation in machiy, vehicles, buildings and other
applications, some novel materials that stop theration propagation at certain
frequencies have been developéde elastic metamaterials represent a new generatio
of vibration absorbing materials that work effidigrover a broad frequency range and,
in particular, at low frequencieé. key concept for the generation of these band imps
an inhomogeneous structure. Different design gir@sefor elastic metamaterials have
been reported in the literature, [1], but concebth® composite with mass-in-mass
subunits that create a set of resonances is ofisdp@terest for engineering. The
material structure is analogous to traditional yoo@mb panels - it consists of periodic
unit cells. Each unit cell has a locally resonamticdure, which exhibits exceptional
phenomena at resonance: either a negaffeeteve bulk modulus or a negativifeztive
mass density, [2]. If properly designed, both cbimastics can be achieved and the
propagation of vibration will be prohibited. Thegative mass behaviour is generated
by resonant structures within the material thatillate 180 out of phase with the
excitation force. The aim of this presentationoigive the overview on the dynamics of
the mass-in-mass unit which is the basic elemergladtic metamaterial. Nonlinear
properties and multi-periodical excitation are ¢deszd. Analytic procedure for solving
strong nonlinear two-degree-of-freedom oscillaterdeveloped, [3]. The computed
results are compared with numerical ones. Theynageod agreement. Our intention is
to utilize these results in praxis and to increthgevibration absorption by widening the
frequency band-gaps.
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Abstract

In elasto-plastic constitutive formulations based tbe non-associated flow rule the
evolution equation for the equivalent plastic strais hardening parameter can be
established by two approachgis3]. By the full approach, the evolution equation is
derived using the principle of plastic work equarade. Consequently, the equivalent
plastic strain increment is proportional to theaatf plastic potential and yield function
with the plastic multiplier as proportionality fact By the simple approach, the
difference between plastic potential and yield fiorc in this evolution equation is
neglected and the equivalent plastic strain cooedp to the plastic multiplier. In this
paper, the full approach and the simple approaeh agplied for an evolutionary
anisotropic plasticity model intended for sheetatethat is based on the non-associated
flow rule and the orthotropic Hill1948 stress funotas yield function/plastic potential.
In the considered model, anisotropy parametershefyield function are adjusted to
yield stress ratios and anisotropy parameterseoplastic potential function are adjusted
to Lankford coefficients. Since the evolution oftaréal plastic anisotropy with ongoing
deformation process is assumed, anisotropy paramefethe yield function/plastic
potential are considered as continuous functionsthef equivalent plastic strain.
Algorithmic formulations, based on the implicit wet mapping, of the full and simple
approach for the considered evolutionary anisotnogel are reviewed. Considering
experimental data for DCO6 steel sheet sampleyasdlalgorithmic formulations are
compared in predicting some simple deformation gsees. The difference in the
predicted equivalent plastic strain and relatedtamans of the yield function/plastic
potential are considered. The applicability of tlsémple approach, as more
computationally efficient, is estimated for the swoiered material.
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Abstract

Overview of finite elements for analysis of Kirctihand Mindlin plates is presented in
this paper. The final elements for Kirchhoff plateave a demanding formulation
regarding the continuity of vertical displacementdarotation as the governing
differential equation is of the fourth order. Ifrse of the continuity requirements are not
met, the elements are called non-conforming and maag problems with convergence
if the mesh is refined [1]. The alternative forntida pertains to Mindlin theory, which
encompasses shear deformation. Relevant diffet@tfismtions are of the second order,
so the continuity requirement is weaker. Standasglacement based and mixed finite
elements [2] for Kirchhoff and Mindlin plates areertved and implemented in
MATLAB and critically tested using practical exarapland patch tests. The obtained
results are compared with solutions obtained inmnensially available software.
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Abstract

Rocking of prismatic rigid blocks is analysed andwamerical procedure based on
precise contact detection is developed and testedt, a parametric study of free

rocking of blocks of different slenderness and $&zeonducted experimentally. Energy
loss in relation to existing restitution models (ldoer’s classical model [1] and the
improved model by Kalliontzis et al. [2]) is invegited in detail. Based on the
numerically and experimentally obtained result® tise of the improved model is
strongly encouraged, and a procedure to estimateutiknown parameter in the
improved formula is suggested. Secondly, full timeponse due to a single sine- or
cosine-wave acceleration excitation is obtained erically, where the improved

restitution model [2] with the suggested estimagtadameter is used. Finally, a chosen
set of numerical cases is validated experimentaing a specifically designed set of
experiments involving shaking tables and opticahsueement equipment.
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Abstract

Heterogeneous microstructure is present in allrexeging materials, and an accurate
description of microstructural behaviour is necessa order to correctly predict
behaviour of macrostructure. Classical continuunchmaaics uses local approach and is
unable to describe the effect of the microstrudtsizze. Using higher — order continuum
theory, which includes microstructural parameteitsrformulation, enables to properly
model microstructure of a given material. This ciimition deals with a new finite
element which can be used for modelling heterogesmenaterials using higher order
theories. The proposed element is two—dimensiof@lir node triangle, with
displacements and first derivations of displacemerst degrees of freedom in corner
nodes, and displacements as degrees of freedowdm positioned at triangle centroid
in order to satisfy full interpolation polynomiaf third degree. The finite element is
developed using displacement based method [1] ime§lan coordinate system and
yields linear deformations and constant secondratdirmations, and satisfies se@li
continuity. Such element is feasible for impleménta of both classical continuum
theory as well as higher — order theories. In tbistribution, Aifantis theory of gradient
elasticity [2], which is a simplification of moreegeral gradient theory developed by
Mindlin [3], is implemented in the finite elemergrmulation. The research proposed
continues work performed by Léar et al. [4], where the'Ginite element in triangular
coordinate system has been developed. The benclandrgatch test results, as well as
the comparison between previously developed and elment, are reported in
numerical examples.
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Abstract

Mobile robots without any external movers (like degvheels, tracks etc.) have drawn
attention of many researchers in recent years. iWithis category, the so called
vibration-driven or inertially driven robot is aryeinteresting conception [1-4]. In what
follows, one-dimensional motion of a system on agio horizontal plane excited by
internal periodic oscillations is studied. Two imal masses are considered: one of them
moves horizontally, the other vertically (Fig. Equation of motion for the system is
derived and presented in a non-dimensional formmed&{phase and four-phase internal
motions are taken into account, where the relaneelerations are piecewise-constant.
The effects of the parameters of such excitatiernaaalyzed. Moreover, various friction
models are employed in numerical simulations.

y Vs
L» yt F,
1 F
X 1 m2 ‘LL
m, X X, T

Figure 1. The carrying body with movable intemmalsses

The main aim of the studies is to select optimdlies of the model parameters with
respect the average velocity of the robot. Efficienf the proposed conception, i.e. the
velocity and displacement of the system per onéogenf the internal excitation, is

compared with other ideas provided in literaturepérticular, harmonic oscillations of

the internal masses are treated as the basic warian
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Abstract

Among strongly nonlinear problems, the vibro-impagistems are of considerable
practical importance. Unfortunately, applicabilif most approximate analytical
methods for nonlinear systems is usually limitedvemk nonlinearities. However, over
recent years, some techniques for the vibro-imggstems have been developed by
imposing certain conditions on their motion [1-B].what follows, the approach based
on the multiple time scales method combined witla@-tooth function is used [2, 3]. A
two-module vibro-impact system is considered (E)g.The primary coupled oscillators
are linear, while the impacting particles that caove freely in the straight cavities are
the sources of nonlinearity. It is assumed thatsndghe particles is relatively small;

the impacts are characterized by the restitutiaffimient. The system is subjected to an
external harmonic excitation.

F@® x Xy
Mo M
/V\l/cw
- |~
Y [ Y

Figure 1. The two-module vibro-impact system

Equations of motion for the system are derived presented in a hon-dimensional
form. The relation describing the slow invariant mifield is found. The final
approximate solutions in the resonant case havenai-analytical character. The
interplay between the model parameters is analyzed.
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Abstract

The development of metal powder application in tidelimanufacturing opens new
possibilities and makes new design approachespjesdievertheless, when used for
purposes other than rapid prototyping, the meclénmroperties of additively
manufactured parts have to meet the desired vaédules able to serve as an alternative
to conventional production technologies. Therefotke experimental testing of
mechanical properties has been conducted on aelglitmanufactured test pieces. The
test pieces have been produced by selective laséingas one of the most commonly
used procedures in powder metallurgy. The powdemasle by gas atomization of
biocompatible alloy Ti-6Al-7Nb used mainly for himplants. In order to gain better
perspective to the values obtained, the testingbleas conducted on test pieces made
from wrought bar as well, so the comparative anslgé mechanical properties can be
performed.
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Abstract

The paper presents new research conducted on alumatlloy EN6082AW T6 at high
temperature. One of the major reasons for condyithiis experimental study is the fact
that the influence of creep strain on load capagfitgluminium structures and elements
is relatively unknown in scientific literature [IThe research concerns high-temperature
transient tests on column specimens with the lemgtlapproximately 2.59 m. The
objective of the research is to study the developnaé high-temperature creep that
occurs during transient heating of the column. $iemt heating regime that is covered
in the tests is within 10°C/min, which represergating rates that usually occur in fire-
protected columns. The results of the transierts tpsint out that the columns are
sensitive to variable heating rates due to diffeemount of creep that occurs per test.
The tests are performed at University of Split. Heating arrangement used in this
study is based on novel heating scheme which esilinduction heating. An induction
machine is used to create a magnetic field thatided heating of ferromagnetic
materials within its reach. This field is generagadund induction cables which are
mounted on the steel jacket that surrounds thedespecimen (Figure 1). The steel
jacket heats the aluminium specimen by means détiad heat transfer which in this
case represents a uniform heating source due totnel shape of the steel jacket.

|
Figure 1. Column test-setup
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Abstract

Over last 35 years Croatian scientific team fromversity of Split led by Professor
BlaZz Gotovac [1] have investigated and developedhand applications of Fup basis
functions. They belong to the class of atomic basistions introduced in [2] and can
be regarded as infinitely derivable splines sharimgny important properties:
localization through the compact support, good exipnation properties linked with
exact presentation of algebraic and exponentiglrmohials, partition of unity, desired
level of continuity, representation of probabiligensity function, etc. Fup basis
functions enable efficient numerical and stochastadeling as well as application in
many fields of computational mechanics [3]. They t& applied in elliptic, parabolic
and hyperbolic problems through the strong fornioitat (collocation) or weak
formulation (Galerkin and finite volume). Applicati to elliptic problems, such as in
structural mechanics, is very efficient in compamiso conventional finite elements due
to enhanced continuity, higher order and supep@raximation properties of Fup basis
functions. Application to non-stationary parabobcvection dominated problems
requires an efficient adaptive procedures or expisleFup functions which are well
suited for description of sharp fronts. Particutiifficulty presents description of
irregular geometry because Fup basis functionsighen dimensions are obtained by
tensor product. Problem can be solved by isogeanatralysis through geometric
transformations in parametric or by meshfree apgrom physical space. Both
approaches do not use the classical finite elemmeshing as the most time consuming
procedure. Stochastic modeling is revised througlagplication of Monte-Carlo and
maximum entropy method. In this paper our previaod recent work is revised and
linked with future challenges which include appiioa to open multi-physics and
hyperbolic problems and development of efficiemapial 3-D solvers.

References
[1] B. Gotovac, V. Kozuli. On a Selection of Basis Functions in Numericalakses of
Engineering Problemé#nt. Journal for Engineering Modellind 2(1-4): 25-41, 1999.

[2] V.L. Rvachev, V.A. Rvachev. A Certain Finite Fuetj Dopovidi Akad. Nauk Ukrain. RSR
Ser. A 8: 705-707, 1971. (in Ukrainian)

[3] H. Gotovac.A Multi-resolution Approach for Modeling Flow andbl8te Transport in
Heterogeneous Porous Medi@hD Thesis, KTH Stockholm, 2009.

47



9" International Congress of Croatian Society of Metbs
18 - 22 September 2018
Split, Croatia

Reliability Analysis of Reinforced—Concrete
Frame by Finite Element Method (FEM)

Marin GRUBISI €

Josip Juraj Strossmayer University of Osijek, Fatylbf Civil Engineering Osijek,
Department for Technical Mechanics, 3 Vladimir P& Street,
HR-31000 Osijek, Croatia
E—mail: marin.grubisic@gfos.hr

Abstract

The reliability analysis in this study was carriedt on the basis of a nonlinear
numerical model, where static and dynamic loadslmmnalysed. This approach has
the advantage of reducing the uncertainties thatotlierwise present in the analytical
definition of the limit state equation, the formwhich is considerably complicated by
considering the nonlinearity and static indeterrojnaf the model. The aim of this
paper is to assess the reliability of the horizbpgaring capacity of the nonlinear model
by the static pushover analysis. First Order Seddachent FOSM), First— and Second
Order Reliability MethodRORM, SORNMN), as well as th&lonte Carlosimulation, were
performed by the finite element methdeEM), to assess the probability of failuig,
The numerical macro model represents a one—baystorey reinforced—concrete
frame, originally constructed in scale 1:2.5, whiish calibrated on the basis of
previously performed static in—plane reversed—cyaixperiments. Parameters of
constituent materials and basic random variables wefined, while the other variables
are embedded in terms of load— and geometry—relatedrtainties of the model, all
based on experimental validation. For the mosigsti@ldescription of the behaviour of
structures in earthquake engineering by nonlinegmachic time—history analysis
(NLTHA), the greatest source of uncertainty stems fra@rstrong ground motion record
parameters, while the uncertainties associated thieh material characteristics and
geometry are significantly lower but not negligibléhe results of th&ORM analysis
are comparable to thMonte Carlo simulations, and the optimum combination of
material parameters for reaching the target digpfent defined by the limit state
equation is obtained. This approach to reliab#gitalysis provides practically unlimited
capabilities in the field of earthquake engineerargl the overall implementation of
uncertainty within a single numerical model, whismecessary for assessing the risk of
collapse or estimating losses within the framewairthe PEER PBEENethodology.
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Abstract

UniPore copper, having many holes in one directivas fabricated using explosive
welding technique [1, 2], and the cubic copper dan{ft7.3 mm each length) was
impacted by a projectile around 600 m/s using povgim vertical to the direction of
the holes. The deformation process was visualizeithguhigh-speed camera and
compared with numerical simulation using Autodyrn@die. The deformation process
was successfully recorded and the deformed shape@raesponds with the numerical

results as found in Figure 1. Also, it was suggbste the numerical result that high
pressure was achieved when the pores are closing.

Figure 1. Final deformation shape compared witlnenical simulation
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Abstract

Numerous surveys of damage after strong wind evente shown internal pressures to
be a major contributor of net wind loads on buitdsurfaces, particularly on the roofs
of low-rise buildings, when a large opening ocdara windward wall produced by the
failure of a door or window. The occurrence of Hebtiz-type resonance in building
models with a single windward opening in wind-tuniests, was identified by the first
author nearly forty years ago [1], and it is cldeat buildings with large internal volume
can have Helmholtz resonant frequencies that aderuh Hertz, and in the range of
potential excitation frequencies by atmospheribulegnce. Whether flow losses through
the opening, background porosity and/or buildirexithility are sufficient to generate
enough damping so that amplification of internagsure fluctuations ireal full-scale
buildings is never large, is a question still toamswered. The paper will describe some
proposed non-dimensional relationships [2] for thBo of root-mean-square internal
pressure fluctuations to root-mean-square extguredsures near the opening. A key
non-dimensional parameter$s[2], defined in Eq. (1):

St= @,.D,° (1)

where @ is (A*%V,), A being the opening area a¥glthe internal volume, and, is the
ratio of the speed of sound to a mean wind spedigeimpproach flow, [1]. Fd8* < 1,
most experimental data indicates a ratio of roo&msguare internal to external
pressures less than 1.0. However,3be 1, amplification due to Helmholtz resonance
has been observed in wind-tunnel models [2], angl owxur in full-scale buildings.
Recent results from James Cook University, inclgdinll-scale measurements on a
shipping container and a small industrial buildingl] be presented in the final paper.
Possible effects of turbulence intensity and sitathe approach flow will be discussed.
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Abstract

Computational models of the abdominal aortic arnemryAAA) growth are important
because they can broaden our understanding ofsdisieamation and development,
analyze the influence of risk factors, test diffaraypotheses about AAA growth, and
eventually, they could predict the rupture riskthrs work, a 3D finite element growth
and remodelling (G&R) model of AAA is presented.eTiinodel is based on a numerical
model from [1] and it is implemented into finiteeelent analysis program FEAP via
subroutines for the user-defined material modelorider to enforce incompressibility,
the Augmented Lagrange method was used. Usingnibéel we can simulate formation
and growth of clinically observed aneurysm typeg. ea fusiform and saccular
aneurysm. We start from the cylindrical geometryadfealthy aorta, and by employing
spatio-temporal elastin degradation functions wedude the formation of different
aneurysms. 3D hexahedral elements enable modaltidgracking changes in the axial,
circumferential and radial direction of an aneury&y changing model parameters for
production and degradation of constituents in aaxall (elastin, collagen, and smooth
muscle cells), we can achieve different types cfuaysm growth (e.g. continuous
growth, stabilization, rupture, and discontinuousvgh). Additionally, we can confirm
clinically observed geometrical features of an aysm that likely lead to rupture, e.qg.
length of the aneurysmal sac, height of the necthemproximal neck to the maximum
diameter.
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Abstract

The coupled thermo-mechanical strain gradient igiasttheory, based on an efficient
low ordervirtual element formulationis outlined within this work. To this end, we
introduce a micromorphic approach to gradient tleeptasticity model at finite strains.
The key point is the introduction of dual localdgéd field variables via a penalty
method, where only the global fields are restridtgcboundary conditions. Hence, the
problem of restricting the gradient variable to thlastic domain is relaxed, which
makes the formulation very attractive for implenaion, see [1, 2]. In the presented
contribution, therecently developedirtual element method (VEMwill be used,
because of the flexible choice of nodes numbemirelament which can be changed
easily during the simulation process, as addressf®i4]. Thus, the potential energy is
formulated in terms auitable polynomial functiongnstead of computing the unknown
shape functions for complicated element geometdes, arbitrary convex or concave
polygonal elements. The modeling capabilities afgbréghmic performance of the
proposed formulation is demonstrated by a numbeuaoferical examples.
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Abstract

One of the most important disadvantages in the cdiseertical axis wind turbines
(VAWT) is a change of the pitch angle during rototation [1]. H-type rotor is a lift-
type rotor whose straight airfoil blades producghaft torque by means of a lift force.
The lift force depends strictly on the pitch angleich changes non-linearly from zero
value to the highest value [2, 3]. Between thesgeldethe pitch angle reaches a certain
value which means the maximal available value efltfi force is not achievable for
current aerodynamic conditions. In this work théhats consider an H-type rotor which
uses the Magnus effect to generate lift forcehla tase straight blades are replaced by
Magnus rotors. Rotating cylinder is an airfoil whigroduces lift force independently on
the pitch angle [4]. Thus, this solution seemsdgboper for presented issue. It has to
be noted that value of the lift force may be higlwbver, large drag force could occur
[5]. The rotor contained rotating cylinders migleheve satisfactory efficiency but it is
necessary to take into account the energy costeoMiagnus rotor rotation. The aim is
to find such an aerodynamic condition and geomefryhe rotor to increase turbine
efficiency. In this work the authors propose mathtoal formulation of the problem
and some preliminary results.
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Abstract

In this contribution, the meshfree Optimal Transaiion Method (OTM) [1] is applied
for modelling of gradient hyperelasticity using Ing-order theory based on only one
microstructural parameter [2]. The OTM method iiag¢td for the purpose of structural
behaviour modelling undergoing large deformatiohefgfore, the method is based on
the weak-form of gradient continuum for finite strand applied for the modelling of
homogeneous and heterogeneous structures. In tiseédeoed weak-form approach the
fourth-order dynamic equilibrium equations are sdhat each material point directly
without using any uncoupling procedures. The inddpet displacement variables are
approximated using interpolating Maximum-Entropydtions [3]. This enables the
satisfaction of the boundary conditions in a simgmbel straightforward manner without
the need for the calculation of additional paramsetdhe analysis of accuracy and
numerical performance of the applied approach imatestrated by a couple of
benchmark examples and the obtained results arparewh to the ones available in the
literature. Furthermore, the considered methodtiszed for simulation of material
microstructure and description of size effectshim heterogeneous material.
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Abstract

Isogeometric analysis (IGA) represents a recentlgvetbped technology in
computational mechanics that offers the possibditintegrating methods for numerical
analysis and Computer Aided Design (CAD) of engimgeproblems into a single,
unified process [1]. Important part of isogeometialysis is local refinement enabling
construction of different adaptive procedures [1,I18 this paper we present adaptation
using truncation mechanism to form a partition oityyand to decrease the overlapping
of basis functions for better numerical conditigninThrough classical adaptive h-
refinement (decreasing of compact support of Hasistions in higher resolution levels)
we are presenting Truncated Hierarchical B-splle(THBS) basis functions. Using
more efficient higher order concept, adaptive kaghent (h+p strategy which at the
same time decreases compact support and increes®sad basis functions in higher
levels) is presented through Truncated Hierarchiegd (THF) basis functions. Both
adaptive procedures use finite volume weak formadatUsing THBS and THF we will
show efficient modelling of advection-dispersiomgesses controlling numerical error
and onset of non-physical oscillations and numédcspersion. Furthermore, different
stabilization techniques and effects of “upstregmsition of finite volumes will be
discussed as additional factors which could impithese adaptation procedures.
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Abstract

From the standpoint of sustainability, increasetlié consumption of renewable
resources is a key factor to preserve the natesmurces. Concrete is the most usable
material for structural elements, and the majortrioutors to concrete volume are
natural aggregates. A significant amount of natoeaburces can be saved if recycled
aggregates from construction and demolition wastedrete, bricks, tiles, ceramics,
wood, glass, tires, bituminous mixtures, plast&a) ©e used in concrete industry. Their
use in structural concrete production has beenoeagblin literature [1-3], principally at
the lab-scale level, often reporting good resultenvthe replacement ratio of natural
aggregates is limited and high quality recycledreggtes are used. However, the
international codes, guidelines and recommendatiary greatly from country to
country, with respect to the maximum allowable ditgnand quality allowed in
structural concrete mixtures [4]. This paper présean overview of the previous
researches carried out on the use of recycled gagm® as partially or fully natural
aggregate replacement in concrete mixtures andimtrete elements. The effects of
recycled aggregate on compressive strength, modofluslasticity and ductility of
materials, flexural strength and shear strengttstafictural concrete elements were
reviewed.
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Abstract

Predicting the overall constitutive response ottameneous materials in dependence on
the underlying microstructure has been and condinode a challenging task. Recently,
FE-FFT-based methods [1, 2, 3] have been develtpéackle this problem. However,
high-fidelity two-scale simulations of heterogengauaterials are still correlated to an
excessive computational effort. This fact motivatee development of model order
reduction techniques (MOR) for FFT-solvers whicls Hearely been addressed in the
literature, yet. The purpose of this work is thgaedlepment of a single and flexible MOR
technique for FFT-based solvers [4]. The underlyiogcept is a compressed sensing
technique which allows a significant reduction oéduencies based on which the
Lippmann-Schwinger equation is solved. Highly-rgedl local fields can easily be
generated in a post-processing step using recatistralgorithms. The numerical results
on linear and non-linear composites show that thepgsed technique leads to a
significant reduction of overall CPU times and gliggbly small error in terms of local
and overall constitutive quantities. Furthermotés iworth mentioning that the proposed
approach is not restricted to any kinematic or titative assumptions.
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Abstract

Since the pioneering developments of Féret (189@) Abrams (1919), cement and
concrete research has aimed at relating the cotiggrogind maturity of cementitious
material to their uniaxial compressive strengtheSenresearch activities were mainly
related to the development of empirical fitting ¢tions. Herein, a more fundamental
approach based on continuum micromechanics is mexse[1]. The macroscopic
loading applied onto a specimen of concrete or anpiis first translated into stress
peaks related to cement paste volumes locatedeimthrfacial transition zones (ITZ)
around the aggregates. These stress states drerfureinslated into stress peaks related
to microscopic hydrate needles, based on secoral-sttkss averages. These effective
stresses of the hydrate needles enter a DruckgePfailure criterion with material
constants quantified based on nanoindentation tegislow-density calcium-silicate-
hydrates. Predictions of the engineering mechamiadel agree well with macroscopic
strength measurements referring to the materidesaa cement pastes, mortars, and
concretes.
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Abstract

The arterial pressure waveform consists of systhid diastolic phase. Systolic phase
includes blood ejection from the left ventricledrthe aorta, which lasts form the aortic
valve opening to the valve closing, when the diastphase starts. During diastolic
phase the aorta is emptying due to blood flow ftbmaorta to the peripheral vascular
beds [1]. These two phases are separated by asuiiadin the pressure profile, which
includes a sudden pressure drop at the end oflisygioase and a sudden pressure
growth at the beginning of diastolic phase. A comrbelieve today is that the cause of
incisura is water hammer, due to the aortic valeging. Apart from this interpretation,
here we hypothesized that the wall viscosity alsatributes to appearance of the
incisura. Based on 1D numerical simulation of bldledv in the arterial tree [2], we
showed that the increase of the wall viscosity redke incisura deeper (see Fig. 1).
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Figure 1. Aortic root pressure waveform for difietrgvall viscosity
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Abstract

The aim of the sensitivity analysis is to calculderivatives of an arbitrary response
functional with respect to chosen parameters. Whiefirst order sensitivity analysis is
already established tools for the improvement ofmexical algorithms, (e.g.

optimization) is the second order sensitivity aseystill rarely used. This is mainly due
to the high numerical cost especially in the cakéinoe dependent problems. Finite
difference approximation of the second order saitiis is in the case of time

dependent problems also ill posed and consequeantiytical sensitivities have to be
derived. The paper presents a new implementatiofiasif analytical second order
sensitivity analysis of general time dependent @k with the large strain elasto-
plastic problems as a target example. The effigieoic the new implementation is

presented on an example of stochastic analysisstioeplastic problems.
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Abstract

At first, there seems to be a contradiction in tile of the paper; finite elements are
based on integral (weak) formulation and differatidin is connected with strong form
of the problem. However, it is common to perfornffedientiation over the field of
results obtained with some finite element proceddaramples include determination of
stresses from the field of displacements (e.g.,[$peor calculation of heat flux from
the known temperature field [2]. Moreover, the daiaation of derivatives can be part
of the original problem as when the field equati@ng., displacements) and flux
equation (e.g., stress) are weakly coupled. Onlyhim case of Dirichlet boundary
conditions is this weak coupling resolved, allowirgguations to be solved
consecutively. In the case of Neumann boundary itiond, the derivative equation
should be treated as a constraint of the field #gualn inverse problems with
determination of non-constant parameters this aog@ds always present. Moreover,
due to stability requirements, high accuracy tkateiquired in inverse problems could
not be achieved without additional reformulationtleé problem (e.g., see [3]). In this
work, the derivative equation is formulated in tweak form, as an adjoint problem.
That enables the both equations, the field andiénivative equation, to be formulated
in their weak forms. Moreover, this approach allotiee same finite element
discretization to be applied to both equations. I&spgtion of the same discretization and
calculation procedure to both field and derivatigentities greatly increases accuracy
of the result. Weak formulation of the differenitiat procedure is resented in the
following equation:

N a0 1) P T o= @

dx
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Abstract

Detailed characteristics of thermal effects in windnel simulations of the Atmospheric
Boundary Layer (ABL) flow developing above hill tein are discussed in the paper.
There are two main reasons for simulating ABL imiad tunnel. One reason is to help the
understanding of airflows in the atmosphere [1]e Bther is to help solve engineering and
environmental problems, such as, predicting thedviamces on structures, predicting the
way in which the structures affect the wind, andiging diffusion from various sources
of air pollution. The principle designs are focusad features such as dealing with
strongly stratified, low turbulent flows and itatso focused to have enough dimensions of
the test section for topographic model experimefitis paper presents Convective
boundary layer of the ABL flow develops as the gmbus warmed up by the solar
radiation and the thermally induced turbulence.tiétar Image Velocimetry (PIV)
experiments were carried out in order to distinontdbutions of thermally- and
mechanically induced atmospheric turbulence foumlrer of characteristic topographies
and urban areas. Stratification effects betweennineward and leeward hillsides were
investigated for different upwind velocity and ABlows. Buoyancy effects on turbulent
boundary layers in a wide range of stability candi# defined using the Richardson
number Ri) were focused. Convective Boundary Layer (CBL)haf ABL flow develops
as the ground is warmed up by the solar radiat@hthe thermally induced turbulence
were simulated. These effects were modelled inMiimeenc Strouhal Climatic Wind
Tunnel in Tet creating the “heat” islands in the scaled modgl [2
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Abstract

Standard homogenization techniques performing gusyeover the whole representative
volume element (RVE) are not well suited for thalgsis of its softening response. The
problem is relying in the phenomenological behaviduring softening, when a narrow
localization zone is governing all the relevantnostructural mechanisms, while the rest
of material remains unloaded. This also reveals omapt issue of the RVE
representativeness. It has been shown that incieabe RVE size leads to increased
brittle response at the macroscale. The problenmiomed are successfully overwhelmed
for the softening of brittle materials, e.g. [1, B} this contribution, a new multiscale
model is proposed for the modelling of ductile dgenan heterogeneous materials. At the
microstructural level, the nonlocal implicit duetiidamage model derived in [3] is
employed, where discretization is performed by reeainthe mixed quadrilateral finite
elements. At the macrolevel, the 4-node plane rstquadrilateral finite elements,
employing damage variable, are used. Two sepaidiedRalyses should be performed at
the microlevel. First analysis is carried out om thndamaged material, where the
homogenized stress and constitutive operator at@nelol using the conventional first-
order homogenization. In another RVE analysis, Wwhincludes softening, the
homogenized damage variable is computed. Afterwatidromogenized variables are
mapped to the macrolevel. All algorithms derivee @mnplemented into the FE software
ABAQUS. The proposed computational model is vedifoe the usual examples.
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Abstract

Viscoelastic (VE) dampers are often used to migigatbrations of structures and systems,
[1]. Properties of viscoelastic materials from whidampers are built depend on the
frequency of excitation and temperature, [1]. Tfieat of the frequency of excitation is
taken into account in modelling dampers, choodiegappropriate rheological model. The
thermal mechanical model for VE dampers is alssgnted in [2]. The fractional
derivative model and the WLF relationship was usetdke into account the dependence
of damper parameters on temperature rising. Theaeinfe of temperature on the dynamic
characteristics of structures with VE dampers iy varely investigated, [3]. The process
of self-heating in dampers is considered in [2}this paper, the method for determination
of the dynamic characteristics of structures with #ampers is presented. The method
enables analyses which take into account the imfleof temperature on the dynamic
characteristics of systems with VE dampers. Itssuaned that ambient temperature or
temperature inside the damper is constant for gmoppately-long span of time. The
frequency-temperature correspondence principled viar thermorheologically simple
materials, is used. This approach reduces the dmmesi problem to the nonlinear
eigenvalue problem. Solutions to the nonlinearreigkie problem enable the calculation
of dynamic characteristics of structure. The cogerce of the continuation method and
the incremental procedure used are very fast. Téihod was tested for two structures
with VE dampers. The first example evaluates theectness of the method while the
second one illustrates the influence of temperaturethe dynamic characteristics of
typical structures with dampers. The method presemd general; it can be used for
structures with VE dampers modelled using the ilvaet rheological models.
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Abstract

The desire to create lightweight structures witkampromised mechanical properties
leads to the combination of different materials¢ctsi@s composites and lightweight
alloys. These hybrid structures are increasinglypleyed in various key components
among the aerospace and automotive industry [l @ldhesive joint technology
overcomes limitations which traditional joining Ieiques (i.e. screws, rivets) have in
combination with composites — through the creatba hole, stress concentrations are
induced which negatively influence the structurabgity. Therefore, adhesive joints
are widely used for manufacturing of structurescimbination with composites [2].
Traditional characterization experiments for conifgo®r metal joints, such as the
double cantilever beam (DCB) [3], the end notcHexrure test (ENF) [4] or the mixed-
mode bending test (MMB) [5] are well establishedd atorresponding numerical
modelling methods have been successfully develop¢mlvever, the mechanical
behaviour of adhesive joints is not fully understaghen subjected to rapidly applied
and dynamic loads. Therefore, this work is deditdtea comprehensive study of the
rate-dependent behaviour of adhesive joint strestufFirst, the development of a
material model based on the experimental findimg$6] is carried out. Second, the
newly developed material model is validated agdimsjer scale experiments. Finally,
an application of a composite-metal adhesive jgipresented.
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Abstract

Plates are ones of the most frequently used stalcalements in engineering. They
form parts of larger structures and can be suljeicte@ multitude of external influences,
among which the dynamic excitation may play a viemportant role. In such cases
vibrations will result, that in many cases havéé¢oreduced to meet the more and more
strict engineering requirements. The methods tagedhe undesired vibrations include
an application of materials which exhibit viscotilaproperties. These materials may
form the bulk of a plate or be applied as dampaygts. In both situations taking into
account the viscoelastic character of the maténighe formulation of the dynamic
problem is of great importance. Viscoelastic prtipercan be modelled in many ways,
classical simple models as Kelvin-Voigt [1], as M&d more complex models as Zener
[2, 3], LTU or Burgers [4] can be used. There al®o avorks carried out on the
fractional models where time derivatives in the gibgl law have a non-integer order
[5]. In this presentation the results of numeriaablyses with a comparison of three
classical models: Kelvin-Voigt, Zener and LTU vk reported. Kinematics of the plate
are based on Reissner-Mindlin and von Karman astsongp The problem is expressed
in the frequency domain for a harmonic excitatibhe amplitude equation is derived
using the harmonic balance method applied for eathe physical viscoelastic models.
Space discretization of the plate is done using fthee element method and the
discretized amplitude equation is solved by thetinoation method to yield response
curves in resonance zones. Parameters of the adalyzcoelastic models used in the
comparison are assumed by a simple averaging i@gg@nd loss moduli.
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Abstract

The paper presents experimental tests and fingmestt analysis of several glulam
beams made of different wood species. The glulaamieare tested by means of 3-
point bending tests on short samples (Figure 1)peBEmental tests include
measurements of applied forces, strains and displents. The displacements and
strains are obtained using a novel photogrammetpieroach [1]. In this work we
present details of the test specimens, test sgivogedures and results of the bending
tests. The current research aims to determine émaviour of glulam wood and to
obtain elastic properties for each specimen. Raatiattention is given to the accurate
analysis of the type and mechanisms of failure TR results of the bending tests have
shown that delamination of the glulam beams caasdscrease in their stiffness and
leads to bending failure of the individual lamelanally, comparison is made between
photogrammetric and linear variable differentisnsducer deflection measurements.
The mechanical properties obtained from the expmtmare validated with the results
from FEM analysis.

Figure 1. Experimental test of glulam beam
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Abstract

The cable structures undergoing large displacemagut rotations are nonlinear in
stiffness and the space discretization leads tontteix equation of the form:

Mg+ Cq +K(g q) =Q ®3)

where mass matrit is constant and damping matX can be eider constant or
displacement dependent. In this paper IGA apprdaclkhe space discretization is
implemented and compared with finite element mad&le single patch and multi
patch are compared for a different number of cdritnots and polynomial order. B-
spline versus NURBS efficiency is discussed. Timgeatial matrix eigen-analysis has
been performed in order to check the model agahestknown linearized analytical
solutions. A number of the time integration schemes combined in order to develop
reliable transient dynamics solution strategy. €omposite time integration scheme [1,
2] and the generalized-schemes [3, 4] are applied to the nonlinear beackm
problems monitoring overshoots, higher frequencgsigation controllability, period

elongations and amplitude decays. The adopteditdgois applied to the space cable
structures and transient problems are solved.
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Abstract

The aim of this paper to propose a variant of tle#ddvich-von Neumann-Ddring
(ZND) detonation model within the framework of nii#mperature extended
thermodynamics of mixtures [1] and to investigate tdetonation wave structure
problem. The main intention of this approach ibtiolge the gap between macroscopic
and mesoscopic level of description. The detonatiane structure is analyzed in a
binary mixture undergoing a reversible chemicalctiea between reactants and
products, represented By = A,. It is assumed that the flow satisfies basic agsiams
proper of the ZND detonation model [2], namely floav is one dimensional and the
shock is represented by a jump discontinuity, bbe tassumption of local
thermodynamic equilibrium is disregarded. This w@Hoto deeply investigate the
coupling between the detonation structure andhigsrgcal kinetics. The thermodynamic
non-equilibrium effects are taken into accounti@ mathematical description, using the
model of multi-temperature mixture developed witlextended thermodynamics [3],
which has been proved to be consistent with a ikitleeory approach. The reaction rate
is enriched with terms that take into account teegderatures of the constituents.
Numerical computations prove the existence of nemaonous profiles in the reaction
zone which are sensitive to changes in the actinanergy and reaction heat.
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Abstract

Karst aquifers are characterized by the existerfcéh® highly permeable conduit
network embedded in less permeable rock matrix wvimakes them different from
other aquifers [1]. This duality in the permeakilis well as the existence of many
other specific karst features) makes karst aquiparsicular difficult to model [2]. In
this work we present novel numerical model for flowkarst aquifers. Slow laminar
seepage flow in the karst matrix is described by mhixed form of 3D Richard’s
equation. Used equation considers flow in bothragéd and unsaturated zone which is
quite important (but usually omitted) to accountrealistic hydrodynamic behaviour of
the karst aquifers. Flow in the conduits is usualiyulent and can be free surface flow
(like in open channels) or pressurized (especidllying rainy periods). Both flow
conditions in the karst conduits are captured bfusive wave approximation of 1D
shallow water equations. Iterative coupling of tiw domains is established through
flux relation governed by pressure difference ofo tdomains. Novel numerical
approach based on Fup basis functions [3] is usedspatial discretization of the
governing equations. Due to similarity with the gesometric Analysis [4] concept
(IGA), we label it as Control Volume Isogeometrimnalysis method (CV-IGA).
Particular difficulty with complex 3D karst flow rdels lies in its verification due to
lack of input data such as parameters of aquiferwal as position, shape and
dimensions of conduit network [1, 2]. Thereforastivork shows possibility to verify
karst flow models under the laboratory controlledditions on the 3D physical model.
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Abstract

Many engineering structures have been built orssitebeing built out of reinforced
concrete. When required, the strengthening of sstohctures due to the need for
additional reinforcement or retrofitting damagedrtpathe use of fiber reinforced
polymers (FRP) has become very efficient. This pagescribes performed initial
experimental and numerical investigations of reicéd concrete (RC) beams
strengthened with carbon fiber reinforced polym@&RP), [1-2]. Two sets of RC
beams have been tested. The first set consistoidentical RC beams (Lxbxh = 1000
x 100 x 200 mm) made of concrete C30/37, reinforgitd 296 in the upper zone and
2610 in the lower zone, with stirrups. The secondnbe@as strengthened with CFRP
strip throughout the whole bottom, [1]. The secaed consist of three identical RC
beams (Lxbxh = 1000 x 100 x 200 mm) made of coadZ@5/30, reinforced with¢20

in both zones, upper and lower, with stirrups. $Beond beam was strengthened with
CFRP strip throughout the whole bottom while thedtlheam was strengthened only in
the mid 500 mm, [2]. All tests have been performéth the same equipment in the
Laboratory for Testing Materials of the Civil Enggring Institute in Split. Tested RC
beams after failure can be seen in Figure 1. Tdyvebtained test results, numerical
calculations have been carried out with program@BAEngineer, [3].

Figure 1. Tested RC beams after failure: first(lsdt), [1]; second set (right), [1]
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Abstract

Flow in the high head Francis turbine, installedia HPP Dubrovnik, is simulated in
the paper. The geometry of the turbine componeéntduding the spiral casing, stay
vanes, guide vanes, runner and draft tube, is neati@lith CAD software using 2D
drawings. ANSYS Fluent Software is used for the enoal simulations of the entire
turbine flow with the frozen rotor and sliding maskerface between the stationary and
rotating domain. The realizableckturbulence model with scalable wall functions is
applied. While simulating the turbine flow a wiclgdte opening was varied for given
turbine discharges in order to get net head clos¢h¢ operating conditions. The
computational fluid dynamics (CFD) predicted penfance of the full-scale turbine is
compared with the experimental data from the maedsis and the operating data of
installed turbine. The CFD results for the turbpmwver and efficiency fall close to the
experimental ones at design flow and off-designda@mns as well. The potential
increase in draft tube efficiency is analyzed viaDCfor the several arrangements of
piers inside the existing draft tube at differanbine loads.

72



9" International Congress of Croatian Society of Metbs
18 - 22 September 2018
Split, Croatia

Additive Manufacturing of Fatigue Damage
Tolerant Structures

Giangiacomo MINAK, Tommaso Maria BRUGO

Alma Mater Studiorum — Universita di Bologna, viadhtanelle 40, Forli, Italy
E-mails: Giangiacomo.minak@unibo.jtommasomaria.brugo@unibo.it

Abstract

This research activity has the aim to take advant#dghe capabilities of the additive
manufacturing techniques to develop fatigue damaferant structures. The main
characteristic that these structures should hatieeiso called “Impossible Design” i.e.
they should be impossible to manufacture with atheiotechnique. In the paper, the
focus is put on the well-known four-point rotatibgnding fatigue testd] where the
usual dog-bone specimen is substituted by a hotkpered tube, see e.[2]. The
objective is to design specimens with the same hteif a hollow tube, but with a
geometrically embedded hierarchical structure s &hfracture typically originating
from the specimen surface could be stopped or sl@eevn in its propagation by means
of an extrinsic mechanism. In Figure 1 an examplthe structure of a section of the
specimen can be seen. The structure was loadddria pending and the Mises stresses
calculated by FEM are shown. Numerical crack prapag tests were done as well.

Figure 1. Specimen structure, FEM analysis
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Abstract

Engineers are offered an increasing number of nicalenethods for simulating highly
non-linear problems; in this work we assess som@@foredominant methods applied
in impact engineering and aim to provide usefubremendations. Impact phenomena
present a major computational challenge for thditicanal finite element method (FEM)
[1]. The non-linearities induced by localised ladgformations and crack propagation
underpin the use of updated Lagrangian formulateom$ even Arbitrary Lagrangian-
Eulerian (ALE). Due to the importance of inertiafdes, it is also necessary to capture
the fragmentation mechanisms throughout the whiolelation. This is often achieved
by mesh-free methods, such as the smoothed-pamydi®dynamics (SPH) method [2].
Whenever advanced constitutive models are emplagedgimulate plasticity and
fracture, it is appropriate to capture the streagenfront more accurately by means of
high-order FEM elements [4] or NURBS-based isoggdmeanalysis (IGA) [3]. The
results presented in this work discuss the apphicadf all methods cited above for
studying high-speed impacts of ice on hybrid striret. The structures considered in
this work are obtained by bonding lightweight comsip® materials and titanium
alloys [5]. The conclusions focus on practical extp of modelling, such as: stress-
wave propagation, volumetric locking, time-step esizand scalability on high-
performance computers (HPC).
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Abstract

This study presents an inverse procedure for datation of the constitutive material
parameters, including the ductile damage parametétensile specimens [1]. A finite
element method in the framework of program packalgaqus has been used for the
computational simulation, while the open code Optimhas been used for the
optimization procedure. The latter was carried lmptcomparing the reaction force of
the computational model and the experiment. Thenraahievement of the presented
study is a useful computational methodology for exact determination of ductile

damage parameters, which can be used for the furtireerical simulations of damage
propagation in different cellular structures ungeasi-static loading.
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Figure 1. Comparison of experimental and numetaradile response
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Abstract

We seek to quantify the fretting mechanisms wheddlto failure of overhead power
line conductors. One can strongly benefit here fumage of powerful numerical tools
and nonlinear finite element method. The problenswéh kind requires an approach
based on multi-physics and multi-scale models. Ngne@ch conductor is composed of
single strands wrapped together which interact wiith other leading to complex
anisotropic behaviors. Damage mostly occurs aptsitions of clamps where clamping
devices hold the conductor [1]. Multi-scale metHody is proposed, where conductor
is observed at macro, meso and micro scale. Invibik we present the macro-scale
model where conductor is represented with geonadlyinonlinear cable element [2],
while part of the cable which is positioned insitie clamping devices is modeled as
Timoshenko beam finite element with embedded stdisgontinuities [3] capable to
provide failure mechanism of the clamped part ef¢bnductor.
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Abstract

Comprehensive analysis of seismic resistance dbrital ancient monuments is an
important aspect in rehabilitation of such struesurMost of them are made of stone
blocks with dry joints and sometimes strengthenegth wnetal connectors. Due to
discontinuous nature and composition of the mdtene@ith significantly different
properties, computational analyses of those strestare based on advanced numerical
models with discrete or finite discrete element rapph, and also knowledge of
numerous material and structural parameters. A cehgmsive approach to the analysis
of such structures should integrate model updatialipration and validation, as well as
experimental investigations which may include testiof the material properties,
complex non-linear static and dynamic tests andehuly, shaking table testing of the
structural model. This paper presents integratibnthe mentioned numerical and
experimental investigations in analysis of the mésresistance of Protiron monument,
placed in the Diocletian Palace in Split, Croaline applied numerical model based on
finite-discrete element method includes sliding tie blocks, fracture and
fragmentation, cyclic behaviour, yielding and pujfiout of the clamps and the bolts
from the stone blockg1]. Force-displacement relationship for clamps andtspo
obtained by static tests on several specimensused to calibrate the model of the
metal connectors. Finally, shaking table testingPadtiron model was performgd] in
order to validate applied numerical model in dymangigime and to provide an insight
into the seismic resistance with detailed behaviduhe monument model.
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Abstract

In numerical modelling of failure in brittle matals many numerical models
incorporating continuum theories have been developesuch numerical models, the
implementation of complicated procedures to circemtvdifficulties in describing
phenomena depending on lower material length s¢algs microscale), like capturing
the finite size of fracture process zone, modelimgtiple cracks, fragmenting, etc., are
needed. Therefore, lattice models represent aresiteg and valuable alternative to the
continuum models. The lattice models are discret@arical models where a solid is
represented as an assembly of simple 1D finite esnrepresenting cohesion forces
between rigid particles inside the material [1].tWrespect to the lattice topology,
regular and irregular lattices can be distinguisiidte regular lattice is a lattice with
structured grid with equal hexagonal or square cslis, while in the irregular lattices,
grids are unstructured. While irregular latticeargat represent the uniform straining of
a solid exactly, they are better suited for captyrihe direction of crack propagation
correctly and to describe the material heteroggratitiower scales. In the structured
lattices, in general it is easier to compute thepeters of the lattice elements, because
all elements have the same properties [2]. In¢higtribution, the application of lattice
models with Timoshenko beams for the applicationliogéar-elastic solids will be
investigated. Discretization of the domain will based on Voronoi tessellation, with
the edges of Delaunay triangles as lattice elenj@pt8oth structured and unstructured
lattices will be considered. Appropriate technigf@sdefining beam parameters will be
implemented and their influence on the model perforce will be investigated. The
efficiency of the proposed strategies will be destmted by suitable numerical
examples. The possible research directions forldpivey lattice models for modelling
of piezo-electric materials will be proposed.
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Abstract

Auxetic cellular materials are modern metamatendth negative Poisson’s ratio [1].
They get wider when stretched and thinner when cesged. Such behaviour proves to
be advantageous in many different applications [[Z], The designed auxetic cellular
structures build from inverted tetrapods were fadigd at the Joint Institute of
Advanced Materials and Processes (ZMP), Univerditigrlangen-Nurnberg, Germany.
Complete characterisation of their mechanical piigee was achieved with
combination of experimental uniaxial compressiostitg, infrared thermography and
computational simulations. Compression testing wealised in two perpendicular
directions at two different strain rates (quastistand dynamic). IR thermography was
additionally used for observing the deformatiortgraus. The lattice type computational
model of the auxetic structure was analysed wighli§-DYNA explicit finite element
code with good correlation to experimental obséovat (Figure 1).

Figure 1: Comparison of IR thermography and contjrtal results
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Abstract

This paper introduces alternative means of eligitionlinear stiffness in nonlinear
energy sink (NES). The NES possesses essentiailinear stiffness nonlinearity of the
third degree which has been used to absorb steéatdy\dbration energy from the linear
oscillator over a relatively broad frequency ranenumber of tentative methods have
been proposed in the literature to elicit the cutmalinearity in the subsystem by using
inclined springs, [1] and leaf/string spring [2]oWever, the practical realization of
having 1D movement of the inclined springs/leafhaiit shifting and rotation will be

extremely challenging. In the present work, we added repelling magnets to realize
nonlinear negative springs (NNS) in a chain of lietcirs. The restoring magnetic force
is approximated using cubic polynomial expansiomptioe cubic stiffness. Bearing in
mind the critical value of negative stiffness feate stability, dynamics investigations
were done on the oscillators for different valuédNdlS. Furthermore response of one
of the oscillators is examined under prescribedpldtement harmonically, and
resonance phenomenon which is integral part ofatireystem did not emerge in the
system with NNS. There is general agreement with experiment and theory. The
proposed models can also be used as a nonlingattsmmaigh magnetic spring.
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Abstract

A simple closed analytic solution for the stresaed displacements of short orthotropic
thin-walled columns of open bi-symmetrical crosstems under the eccentric axial tip
force is presented in this paper. The expressionsfiesses and displacements are
derived on the basis of the theory of bending [i the theory of torsion [2, 3] of thin-
walled beams of open section with influence of sh€he normal stresses are given (i)
by the compression component, (ii) by the bendimgmonents in the principal planes
and (iii) by the torsion component with respecthe cross-section principal pole and
the principal warping coordinate. The deflections given by the classical banding and
torsion components [4] and by the additional begdind torsion components due to

shear [1-3]. The comparisons with the finite eletsmtutions by using shell element are
provided.
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Abstract

Coatings are used in all engineering design saehawhen the desired surface
properties are different from the desired strudtumaterial properties. In aerospace
propulsion coatings are employed in various sestiofi jet engines subjected to
different temperature, pressure and loading camditi Their primary applications
include fretting wear protection, thermal barri@orrosion, oxidation and wear
resistance enhancement. Abradable coatings areedtis sacrificial materials in low
pressure compressor casings, and in intermediateh@h pressure compressors and
seals. The adoption of abradable coatings allowshi® clearance between compressor
blades and casing to be minimized, increasing theradl efficiency of the engine.
During operation the concurrent effects of cengidiuforces generated by the rotational
speed, thermal expansion, shaft misalignmentsshgkit ovalization of the casing and
tight geometrical tolerances can lead to the corvatween blades and casing. The
application of abradable coatings to the contairtmearoids this contact to occur
between metals, with detrimental consequences eropierational life of the engine.
Quasi-static and dynamic experiments at differesrhpgeratures are conducted to
characterize the mechanical response of a therspthyed abradable seal coating. The
material is composed of an aluminium continuum ixaénd fairly well dispersed
polyester particles. Stress versus strain hista@aiesmeasured in uniaxial tension and
compression at strain rates ranging from’1® 10" s—1, via non-standard experimental
techniques; the material displays sensitivity te #train rate and to the imposed
temperature. The mechanical behaviour is brittldeimsion while it exhibits higher
strains to failure in compression. A pronouncedsi@mcompression asymmetry is
displayed both at quasi static and high ratesrafrst
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Abstract

Experience from past earthquakes has revealed d@asniagnasonry infilled reinforced
concrete frames. Also, infilled frames containinoppgow and door openings are more
prone to damages during earthquake events andthieurs vulnerability needs to be
guantified. Previous research demonstrated thabmmas$nfill walls located in the upper
floors of multi-story reinforced concrete buildingse most vulnerable to out-of-plane
collapse. However, new evidence indicates thatrgidioor walls are also endangered
to out-of- plane collapse due to movements of tamg, [1]. The aim of this paper is to
use advanced three-dimensional computational aealgmls and investigate the
structural behaviour of reinforced concrete framesonry walls containing window
and door openings, centrically and eccentricallgifpmned. The computational model
was calibrated using full scale experimental testframed-walls, [2, 3]. A series of
computational analysis developed to simulate thehaweical behaviour of framed-
masonry walls subjected to monotonic and cyclithie out-of-plane direction up to a
drift ratio equal to 2.5 % (frame collapse). Comsaiuns are given with respect to the out-
of-plane failure mechanism of the wall, influendepening type, size and position, and
out-of-plane resistance of the frame-masonry cortgos
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Abstract

To fulfill specific requirements of manufacturingdiustry, materials scientists are trying
to design new types of materials or increase pmdoce of already available ones. One
of the concepts is to develop hybrid materialsamigd as a combination of different
components e.g. substrate cladded with thin lafdifi@rent material. The Pulsed Laser
Deposition (PLD) [1] method is frequently used tain such complex materials. The
main idea of the PLD is based on a high-power lasam that is focused periodically
onto the target material provoking instantaneouaperation and ionization of the
surface atoms. Products of such ionization areedrawvay from the target plate at high
speed into the precisely controlled vacuum. Fingrticles strike with high velocity
into the surface of the substrate material, startucleate and grow. The PLD approach
is widely used in e.g. biomedical industry to obtaiultilayer biocompatible materials
for e.g.: implants, artificial heart chambers, hesalves etc. [2]. Experimental
procedures used for preparation and investigatiomamostructured multilayers are
highly expensive because of sophisticated equiprtetthas to be used at this length
scale. Because of this high costs, the idea isuppat the research by an efficient
numerical approaches based on discrete modellingads. The Kinetic Monte Carlo
(KMC) method was selected in the presented reseaschn adequate and feasible
technique for numerical simulation of the PLD prsg:eThe KMC method is based on a
dynamic time step, which is coupled with probabdigpproach to describe investigated
events in the system [3]. Details of developed raigms replicating particle desorption,
absorption and surface diffusion during PLD arespngéed in the work. Obtained results
generated with presented PLD model and subsequenencal simulations will be
helpful during the designing of deposition processiedifferent nanolayered structures.
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Abstract

Straightening of long products has always beeradleriging problem for computational
analysis and prediction of both the straighteniracpss and the straightening machine
loading, its fatigue life and wear of the straigfitg rollers. Many approaches to solve
this problem were tested and applied — from araytiormulas based on theoretical
continuum mechanics and empirical knowledge, [p],ta FEM-based solutions, [2].
With finite elements, many over-simplifications thife computational models can be
dropped off and fully 3D nonlinear behavior of tk&raightened product can be
simulated, including the interaction of axial mowarh with rotation along its
longitudinal axis in the case of cross-roll straggting, [3]. Nevertheless, this approach
is very time consuming and even with the latest matiational power still inappropriate
for a fast industrial optimization or real-time pess control purposes. New FE
approach to solve this problem was developed byattikrors in [4], which is based on
the combination of Eulerian flow of material throug mesh of axially fixed beam
elements, and Lagrangian description of their wrarsal deflection parameters.
Application to cross-roll straightening is descdhia [5]. Practical experience with the
new approach proves its efficiency and suitabilitysolution of fast optimization tasks.
The main problem is to evaluate the optimal intesiireg of straightening rollers to
obtain the best results for different input pararetlike bar diameter, its material
composition, initial curvature and residual strelstribution. The meaning of “best
results” can be rather broad — the product shoatcdnly be straight enough, but show
also minimal residual stress and minimal loadingd wear of the straightening rollers. A
treatise on this multi-objective straightening opsation problem is the main theme of
the presented paper.
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Abstract

Classical continuum mechanics approach face sulstadifficulties to properly
account for stress and strain states around mioatstal material discontinuities like
dislocations, grain boundaries and porosities. Wa to improve the material model is
development of the atomistab inito submodel for atomic motion that underlies metal
strength under the temperature and stress loattingur approach continuum model
drives the atomistic submodel by providing bounddigplacement for molecular
dynamics simulation [1]. As a proof of concept wstly present simple truss elements
with atomistic submodel of 1D chain of atoms int¢ireg through Lennard-Jones
interatomic potential. 2D extension of the modefugher developed by connecting
analytically solvable problems with atomistic sultebemploying realistic interatomic
potentials that simulate the vicinity of the shagiches with high stress concentrations.
Our approach using atomistic submodel allows sicgniit reduction of vast amount of
data and provides effective atomistic to mesoscapm@le unification [2]. We have
developed effective algorithm capable of dynami@apdtion in FEM to atomistic
submodel information exchange. Our ultimate goatoisutilize the best from both
worlds, speed of finite elements methods calcutatiand catching of relevant atomistic
material features by judiciously using molecular nayics, where continuum
approximation fails.
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Abstract

Cables and fibres can play an important role indd®ign of many machines. One of the
applications is the replacing of the chosen rigidments of a manipulator or a
mechanism with cables. The main advantage of th@gd is the achievement of a
lower moving inertia, which leads to a higher methia speed, a large range of motion
and the possibility of antibacklash property. Drasks can be related to the fact that
cables should only be in tension in the course ohdadion. In this paper there are
presented some possible approaches suitable fandiokelling of the cable and fibre
dynamics in the framework of various mechanical tays (e.g. [1]): force
representation of a cable, a point-mass model #&ed absolute nodal coordinate
formulation (ANCF). The simplest way how to incorate cables in the equations of
motion of a mechanism is the force representatioa oable. This way of the cable
modelling is probably most frequently used in tradble-driven robot dynamics and
control. A more accurate approach is based ondpeesentation of the cable by the
point-mass model. The advantage of this approadfsisis in a precise physical
interpretation of the problem and in a short corapabal time. A very promising
approach usable for the cable modelling is ANCE.(R]), which is based on the finite
element discretization of a cable. Experimental sueaments focused on the
investigation of the fibre behaviour were performea an assembled weight-fibre-
pulley-drive mechanical system (e.g. [3]). Resuwitsexperimental measurement and
computational results obtained using force and AN@Jelels of the fibre are given in
this paper.
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Abstract

The viscoelastic behavior of prismatic bar in statebending is investigated in this
paper. When describing tloeeepphenomenon of such bar it is assumed that thesbar i
in the state of theteady-state creeponditions, i.e. at such state of creeping at which

the stresses do not change with time. The depeads#fareep strain&, on stressand

time at a giventemperaturecan be written as a product of two functions, ofchhthe
first function is a function of stress and temperat and the second one is a function of
time and temperature, [1-3]. The mentioned methaglobf calculating is often used in
the theory of viscoelasticity for determining th&ess distribution in the different
structural components, [2-3]. In order to find diwtv much the stress distribution in a
bar is accurate and reliable, the same problemsefgd by one variation method, i.e.
by applying theprinciple of minimum of complementary potential rgge[1]. The
compatibility of the obtained results was even mtran expected, excellently. A
second phenomenon which was considered in thisr pegerelaxationphenomenon of
bending moment in a cross section of prismatic Bathe initial momentt(= 0), the
bending moment acting on the bar amountswtyqo), If a curvature of the bar

(«(0) =k (t) =const) is keptconstant over timethe decrease of the bending moment
M, (t) over time is investigated, [3]. The analytical hets and one approximate

numerical method were used in the analysis of cee®p relaxation of prismatic bar.
Some results, especially relaxation of bending mupend their graphic interpretations
were obtained by means of software packagéram Mathematica 7.0.
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Abstract

The mathematical modeling of the phenomena appganinhe cohesive zone around
crack tip in the ductile metallic materials is merfied in this paper. Some of the well-
known cohesive models are applied in those invatitigs, [1-2]. Some parameters of
EPFM, such as, the stress intensity coefficient thedmagnitude of cohesive zone are
investigated, [1-3]. Ansotropic and non-linear strain hardening of a plate material is
assumed. Non-linear strain hardening of a platecrizgdtat uniaxial state of stress is
described by th&amberg-Osgood equatigf3]. The investigations were carried out for
the several different values of te¥ain hardening exponentwhich is changed among
the discreet values = 3, 5, 7, 10, 25 ang. In that way, it is going to be shown how
different strain hardening of a material influencgsthe plastic zone magnitude. It is
necessary to point out that the cohesive stresgbmvthe plastic zone are not more
constantin such isotropic strain hardening material. Tlaeg changed according to a
non-linear law, [3]. The analytical methods were used in tmalysis. The stress
intensity coefficient from the cohesive stressesalsulated usin@reen functiong3]:

Ken (0) =25, o [ (n+3)]/F[(¥ 2+ /(e )0
OR[ A2 G/aRen/(ns g ]

The results were obtained by means of softwaregmiolfram Mathematica 7.0.
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Abstract

It is well-known that the conventional homogeniaatapproaches at microlevel are not
appropriate for an objective multiscale analysegduse the averaging over the whole
representative volume element (RVE) cannot adetyuatkescribe localization
phenomena. There are some suggestions to overdere problems, [1], where the
converged results are obtained by averaging ondy aMoading zone where damage is
rising. Derivation of an efficient and accurate timglale method is still under
development. In this contribution, a two-scale maatesented in [2] is extended and
transformed to the analysis of the softening mal®riFor this purpose, the damage
model based on the strain gradient continuum pexpds [3] is employed at the RVE
level, where the discretization is made by meanthefC' continuity triangular finite
elements. The two separate analyses are performedeamicrolevel, one for the
undamaged bulk, where the stress and constitufpezators are extracted using the
conventional homogenization, and the other onetHersoftening material, where the
localization is captured by a novel approach. Hergie to a linear-elastic material, the
bulk constitutive operators stay unchanged througttee analysis and can be computed
only once. The degradation of the macroscale stfnis achieved using the isotropic
damage law with the homogenized damage variablair@at from the softening RVE
analysis. All the algorithms derived are implemenieto the finite element software
ABAQUS via user subroutines. The verification of $iresented computational model is
performed on several benchmark examples.
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Abstract

Cellular structures have been increasingly usedadern engineering applications over
the past decade due to their attractive combinationechanical and thermal properties
[1]. Their mechanical behaviour depends on the $igromorphology, topology and the
base material [1, 2]. The advantages of cellulatenr@s in general are low density
(lightweight structures), efficient damping, higate of deformation, high energy
absorption capability, durability at dynamic loagnand fatigue, high thermal and
acoustic isolation [1, 2]. Their physical propestimake them very suitable for use in
engineering as filters, heat exchangers, isolatmse material in sandwich structures,
implants, impact energy absorption and damping ehs[3, 4]. However, to achieve
adequate mechanical (strength, stiffness) of egllolaterials, their design parameters
and proper fabrication procedure have to be cdyeftlhosen [5]. The conference
contribution presents different types of cellulaaterials (Figure 1), focusing on their
geometrical properties and mechanical behaviouttaimdd by micro computed
tomography, experimental testing and computatisimalilations.
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Figure 1. Different types of cellular metals
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Abstract

We present a finite element model for a two-layaredierately thick plates based on the
Mindlin plate theory [1]. Starting from the purespliacement-based approach and the
general expressions for the shear strains, setemtiductions for the shear are assumed
and a new layered plate element is introduced basetthe mixed formulation. In the
bending part of the formulation the starting traarse displacement interpolation has a
cubic order and the rotation interpolations aredgatéc and they are linked in both fields
following the problem-dependent linked-interpolatiexpressions [2]. In the membrane
part the displacement interpolations are quadgatit also linked with the drilling nodal
rotations. The element passes the general coristading patch test and has 30 degrees
of freedom among which two are the internal buldeameters. The layers can have
different material characteristics, but these asumed to be linear for each layer. The
element is tested on a set of benchmark probleshe@mpared with the results produced
by the displacement-based layered elements witledutction in shear and which stiffness
matrix is calculated by the reduced integratiornbégue. The element is also compared
with the other elements from the literature.
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Abstract

We present a new three-node Timoshenko curved-Hedta element for in-plane
actions constructed on expanded linked interpolafiis a straight beam [1]. Only the
displacements and the rotation of the cross-sectieninterpolated and the element is
formulated in a pure displacement-based fashionfirét the displacement fields are
enriched in polynomial order to the quartic fornms@dated to two pairs of internal
bubble parameters following the idea presente@]inThen the shear strain constraints
are enforced on the displacement interpolationsthede parameters are expressed in
terms of the rotation degrees of freedom resulimg new linked interpolation for a
curved beam element. At the same time the georietigproximated using Lagrangian
interpolation, so that the element-stiffness as$gnsovery simple and can easily be
implemented in a computer code. The beam kinemagiadefined using the global
displacement variables in contrast to the commasid displacement unknowns in the
local coordinates, thus avoiding the co-ordinaé@gformation for the nodal degrees of
freedom. Polynomial geometry of the element canlyebe adapted to a straight beam
configuration as well as to any other curved beammfand naturally shows no
numerical sensitivities for the extremely shallosghes. The element is tested on a set
of benchmark problems and shows no shear or memkwoaking.
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element Analysis of Structuteginancially supported by the Croatian Science
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Abstract

To be able to properly describe the failure of tegeneous fibrous composites, we have
to take into account the material behaviour of gwenstituent. In the case of short fiber
reinforced concrete (FRC), we deal with concraegldibers and the bond-slip between
them. Since the bond-slip along the concrete-fiberface has a global representation,
and is spanning more than one finite element, tasen description is based on the
extended finite element (XFEM) representation thaploits the partition of unity
property of standard shape functions [1, 2]. Acowrdo that, the displacement field for
a single element consists of a standard and acheadripart:

T T

uGlor = ) NGIdg+ Y No(Du(x)a, @

a=1 =1

Here,d% are concrete displacemends,are the relative displacements between the fiber
and concretd),(x) are standard shape functions for the chosen Btet@ents, ang(x) is

the enrichment function describing bond-slip. Thismulation, comprising the damage
softening model for concrete, the linear elastibadw@our of fibers, and a bond-slip law
that takes into consideration the complete pullajuhe fibers, is implemented in a finite
element computer code that allows for a partitiopelsling of the model equations using
an operator split solution procedure, as in [3]mdtical results for tension tests and
three-point bending tests are presented and vadideith experimental data.
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Abstract

As rightly noted in [1], for several years the dyma development of tattoo art can be
observed. In connection with the above, the reqmergs for devices for tattooing [2]
are naturally increasing, and the key feature &iffgche comfort of such a device is the
magnitude of its vibrations. These are mainly leditby the use of more and more
complex kinematic systems of power transmissioprecisely manufactured elements,
which makes the prices tdttoo gunswith reduced vibrations takes extreme values. An
alternative to this trend may be the design of &ngiructures with rational dynamic
properties determined on the basis of detailedyaimlof mechanical phenomena
occurring in the device. To carry out this typere§earch, knowledge of models of
device interaction with the operator and the botlyhe tattooed person is required,
which is in vain to find among scientific studids. this work, the methodology for
determining dynamic parameters for the bi-axial elaaf a tattooing device with five
degrees of freedom will be presented. This modatains damping-elastic quantities
describing the device's interactions the envirortnasnwell as dynamic factors of the
motor foundation and the model of the needle's gntigs, as well as the set of forces
acting on the system. On the basis of the obtamedel, equations of motion will be
derived, the solution of which will determine thehlaviour of the system. In addition,
the role of individual parameters will be examidedmachine vibrations, including the
analysis of bifurcation, the appearance of whichrésmsferred due to the numerous
nonlinear parameters occurring in the system. Thatede also presented a method of
optimizing the structure, the aim of which is mimation of vibrations.
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Abstract

Due to the increasingly common implementation of thnovative concept of the
Internet of Things[1], the requirements for autonomous measuringicdsv are
increasing - their task is not only to acquire datdalso to process, analyze and transfer
them to higher-level devices, hence their energyatel increases dramatically.
According to that, there is a need to develop neffigient devices that are able to
recover energy from the environment, including naegtal vibrations [2]. The devices
of this type are using resonators as an active elemunits whose natural frequency
should be as close as possible to the frequenexaitation. Regarding to a very large
diversity and commonness of vibrations, resonatbaild indicate high amplitudes and
accelerations of vibrations in the widest range)afitation frequencies - this is a feature
of non-linear systems [3]. The work is devotedhe bptimization of the geometry of
resonator, which can be an active element of enbayyesting devices. The goal
function of the implemented genetic algorithm isntaximize amplitudes and vibration
accelerations at the widest range of excitatioguemcies. The analysis starts with the
identification of features that cause nonlineaifythe structure. On this basis, an
algorithm will generate random elements exhibitingse features. This population will
be processed by the author's genetic algorithmuatrag individuals on basis of FEM
analysis, considering both: the target functiors durability of the generated element.
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Abstract

Cable structures attitude well known demanding lemois and the modelling of such
structures has always been a subject of reseamthin@ention. Cable structures are
light, very flexible and do not involve bending aodmpression stiffness. Therefore,
cable structures show a high non-linear behavibe fain source of this nonlinearity is
appearing large displacements which correspond gomegtric nonlinearity. Total
Lagrangian method [1] is used to solve this behavidis method is based on an
iterative process that modifies step by step trengdry of cable structures from one
configuration to another fulfilling the equilibriusguations. Another important problem
of cable structures is the determination of théidahiequilibrium configuration. The
isogeometric analysis method (IGA) is used to fagglilibrium configuration and for
modeling cable structures. The IGA is developedHughes et al. [2] to overcome
discrepancy between computer aided design andtwtalicanalysis using traditional
finite element method (FEM). Compared with FEM, I@ges a different mathematical
description of the geometry which enables it tospree the exact geometry which is
especially important for complex structures suclcasle structure. Furthermore IGA
provides a flexible way to make refinement and deglevation. This paper deals with
the static behavior of two and three dimensionalecatructures [3]. The accuracy and
efficiency of proposed algorithms are verified @veral cable structures benchmark
problems. The h and k refinement strategies andedaout to examine its influence to
convergence and accuracy. The obtained resultc@rgpared with results given by
other authors who have used different approachgsoBparing the obtained results
the effectiveness of IGA is confirmed because #wmuilis are the same or even more
precise. IGA provides accurate results when udiegdwest degree of the polynomial,
however in that case it is necessary to apply greatmber of elements.
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Abstract

The phase-field approach to fracture is a diffuswethod based on the variational
principle of the free energy minimization. It inteces fracture induced dissipation
energy term in the total free energy functionalresponding to the Griffith’s fracture
theory. A scalar damage parameter continuoushesasver the domain approximating
the sharp crack topology, thus eliminating the ni®dthe numerical tracking of the
crack displacement discontinuity inherent to thescdite fracture methods.
Consequently, the phase-field approach is sucdessfeplving the complex fracture
processes even in the three-dimensional settingsAllength scale parameter is
introduced to regulate the width of the approxirdateacture band and govern the
regularization of the free energy functional. There, very fine mesh is required to
resolve thin crack approximation. Combination o thick mesh with the commonly
used single-iteration staggered solution schemé¢hmiphase-field fracture problem [1,
2] can be computationally very expensive, due talsloading increment requirement,
which is essential to provide an accurate solutiorthis work, an iterative staggered
phase-field fracture model with the stopping citterbased on the control of the
residual norm is implemented in the commercialtéintlement software Abaqus. It
utilizes Abaqus advanced convergence control, aaficnincrementation and built-in
line search algorithm making the implementation enefficient. The model is verified
on the several benchmark tests in terms of robssfraecuracy and computational cost.
Moreover, a porous microstructure exhibiting cradkleation and complex crack paths
is analyzed. The proposed implementation demomestran improvement in the
computational efficiency. Additionally, an accurateolution can be obtained
independently of the loading increment size.
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Abstract

In this paper plate strips including initial defedubjected to uniaxial tensile stresses
will be investigated. Both internal and externalti#h transversal cracks will be
considered. The problem will be modelled using aehdeam finite element with
embedded transversal crack; according to the strdisgontinuity approach the
displacement field will be enriched with an addi@bdegree of freedom in order to take
into account the jump in the displacement fieldha&t crack position. The element will
be treated as multilayered, thus enabling the cagtopagate through the depth of the
plate. Several common problems will be analyzedcéntered cracked; (ii) single; or
(iif) double edged notched strip plates and congbari¢h analytical or numerical results
[1-3].
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Abstract

In this work we focus on the mode-I quasi-stat&ckrpropagation in adhesive joints or
composite laminates. For these problems a numbelifigirent standards have been
approved [1]. The most widely used are based oddlble cantilever beam (DCB) test
and on linear elastic fracture mechanics (LEFM)dfier in some aspects of the testing
procedure and the recommended data-reduction sshehie applicability of these
methods is still a matter of debate in the scientifimmunity, particularly in the case of
ductile interfaces. We revisit the accuracy of thest used standards and compare it
with other methods based on either LEFM or J-iregineory [2]. All the methods
analyzed in our work are based on either Euler-8diinor Timoshenko beam theories.
We present a number of numerical examples whereomgpare different expressions
for fracture resistance obtained with different inoels. The input for the analysis, which
includes applied load, cross-head displacementratiation, crack length and cohesive
zone length, is obtained from the numerical modaktv simulates real experiments. In
these simulations, we use a Timoshenko beam mattebvbi-linear CZM [3, 4] which
allows us accurate comparison with analytical fdemdor fracture resistance based on
Euler-Bernoulli and Timoshenko beam theory.
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Abstract

A pulse large current was made to flow through tinegsten wire existing in liquid
paraffin. During the discharge, the melting andpevation (explosion) phenomenon of
tungsten wire was observed by using a high-spegebvtamera, at the same time, the
discharging current/voltage was measured. Whenethetric energy more than the
evaporation of W wire was applied on the W wireg ttubic WG, was synthesized.
The grain size of the spherical Wparticle ranged from several ten nm to sevenal
The carbon ration of the cubic Wwas within around 0.72-0.76. When the electric
energy lower than the evaporation of W wire wadiaegdplarge sized spherical particles
were recovered. One of the patrticles larger thanid was composed of core;@/and
core coating WC.

50nm

Figure 1. TEM image of recovered powder particles
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Abstract

Fiber reinforced concrete (FRC) shows improvedgrerance in cracking and shrinkage,
as well as high ductility and tensile strength. tldgar, one of the major drawbacks of
FRC is determination of fiber volume fraction asllwes achievement of uniform
distribution of fibers in the concrete mixtures.rManiform distribution can cause weak
zones with just a few fibers or even none. On therchand, if fiber content is very high
or fibers are too large, during concrete castiry ttan easily group into fiber balls and
form areas only filled with fibers and air. Purpoeé this work is experimental
investigation of steel fiber distribution in congrevith impact resonance method (IRM)
[1] in order to assess casting defects such asd@gregation, non-uniform distribution of
fibers or different kind of cracks. The IRM is bdsen determination of resonant
frequencies of vibration on specimens excited byaoh hammer. Experimental tests are
performed on steel fiber reinforced concrete (SFR@¥matic specimens of different
concrete mixtures and with cracks known in advarditionally, possible internal
cracks and other defects in SFRC mixtures are geghl®rior to testing, SFRC prisms are
exposed to x-rays in order to validate reliabibfytest results. By use of discrete Fourier
transform, acceleration in time domain is transfedninto frequency domain. Further,
resonant frequencies are determined as frequersponse peaks. From fundamental
resonant frequency, dynamic modulus of elasticityFBC is calculated according to
standards ASTM C215 [2] and EN 14146 [3]. Basetherreduction of dynamic modulus
of elasticity and change of frequency response eclswme conclusions about local
damage or defects are made. Smaller defects {(ew@ids, inhomogeneity) are indicated
with change in frequency response curve shapeeudriger defects (such as cracks) are
indicated with reduction in resonant frequency, amshsequently reduced dynamic
modulus. Further, with softer impact hammer tip kenadefects and voids can be
detected. On the contrary, stiffer tip is more @megnt for detection of local failures.
These conclusions are verified with x-ray scanSFERC prisms.
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Abstract

Metal foams [1] are investigated for using in selepplications, such as light-weight
structures, energy absorption applications andrthemanagement. One approach is by
the computational simulations, which are usuallyenmst effective methods compared
to experimental testing. Metal foams are usuallg-homogenous materials [2], since
the pores are commonly randomly positioned and different in shape and size
throughout the base material. The base CAD modetuch advanced geometrical
material is often obtained by the micro computeshdgraphy (LCT) scanning. The
CAD model is then transformed to a volumetric moadiere each voxel could then be
converted to a discretisation element. Buildingomputational model can thus be quite
challenging, often resulting in numerical modelshwhuge number of finite elements,
which are very difficult to process. In some caseis, possible to create the 2D models
for plane symmetry problems [3]. In the presentedkwthe computational model of the
closed-cell aluminium foam was created by means aofreverse engineering
methodology, rather than creating the model diyettbm the pCT-scan. The pCT
images were first analysed by own developed metlggdo obtain basic geometrical
features [4]. The computational model was thent fwyilapplying random positioning of
the equivalent spherical pores in the represemtatmMume with retaining the same
geometrical features (porosity, size and numbepares). The model was used for
nonlinear computational analysis of the stresdrststate of the metal foam, when
subjected to tensile loading.
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Abstract

Non-mixed finite element formulations are not su#fint in the case of highly
constrained material properties. In the situatibmearly) incompressibility the ensuing
deficiencies, as for example stress oscillationd bhourglassing modes, have been
analyzed in the last decades and are now well stwtet. In the framework of linear
elasticity, a variety of mixed finite element forkations are nowadays available, which
are well suited for the incompressible regime. his tframework the formulation
proposed by Pian and Sumihara [1] is still one ofnefficient formulations available.
This mixed finite element is based on HellingerdRaer principle. Unfortunately, due
to the use of a complementary energy, the formarats only available in the linear
elastic case and very special and limited caseswmfnear elasticity [2]. In this work we
will propose some basic ideas on the extensiorhefRian-Sumihara element into a
general hyperelastic framework. It will be showattidepending on the choice of your
interpolating stress-quantity, hourglass modes otayr and stabilization is necessary.
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Abstract

Monitoring of the behaviour of the structure befared after the failure, including the
transition from continuum to discontinuum, is vémportant in the modelling of the
load capacity and collapse of reinforced concratgcsires subjected to extreme loads.
Numerical model presented in this paper was deeelopth the aim of modelling and
monitoring the behaviour of reinforced concretetishatructures exposed to static and
dynamic loads. The model is based on combinedefitigcrete element method
(FDEM) [1] which has become an excellent tool talr@ds a wide range of problems
involving fracturing and fragmentation of solids. presented numerical model, four-
node tetrahedron finite elements of concrete amdrtade finite elements of reinforcing
bar are used to model the behaviour of the matepato the cracking of concrete.
Fracture and fragmentation as well as materialineatfity are described with contact
elements for concrete and contact element for egiirfg bars which are implemented
within the finite element mesh. The continuity beém the reinforcing bar finite
elements and concrete tetrahedron finite elemanthe pre-failure stage is ensured
through the penalty method. The model, implicages iumerical algorithms which are
based on approximation of the experimental cunas niaterial behaviour of the
concrete and steel and are important for descniptb main non-linear effects in
reinforced concrete structures [2]. Verificatiordaralidation of the presented model are
shown in several examples.
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Abstract

In order to reduce weight and to create efficiamstructions fibre reinforced plastics
(FRP) are of general interest. In comparison tesital materials, which basically have
isotropic properties, a single FRP layer with ur@diional oriented fibres behaves
transversely isotropic. FRP laminates consist vés® layers with different orientation
angles. Having in mind the failure behaviour maximutilization of the material is
possible. Furthermore, the post-failure behavioayy rhe of special interest because
some failure types even allow an increase in I6adure can be classified into different
failure modes, e.g. fibre failure and inter fibrldre. Classical failure criteria, like
Hashin or Puck criteria [1] are developed to detrenthe occurrence and specific type
of damage. They do not consider the whole lamitence but the single layers.
Furthermore, degradation models are used to sieula loss of material stiffness.
These damage models allow the description of thieréaprocess in a structure,
including the failure criteria and the degradatinadel. Using finite element techniques
to simulate the damage process, classical damagelsnasually show strong mesh
dependence due to localization effects. This mesterdence is characterized by a
stress concentration which results in the occugaiche damage only in a small area.
The area generally corresponds with an elementarahthus with the mesh refinement.
In order to develop a regularized damage modetrborsversely isotropic materials a
gradient enhancement method based on the Helminetizenergy function is used [2,
3]. With the introduction of a new variable fielthupled with the inelastic variables, the
model gets a non-local character. Furthermoreadignt enhancement for transversely
isotropic damage in laminated materials is showre @lamage model is integrated in
the layered theory. This includes the consideratibthe single layer with enhanced
damage and the stacking of the gradient enhancei@lmiéinally, the influence of the
regularized damage model on the mesh-dependenite oésults of FE calculations is
shown via examples. As a consequence, a compaoistre non-regularized and the
enhanced damage model is presented.
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